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Comparative Youth 
The Physical Aspect” 


T. WinGATE Topp 


EPIPHYSIAL UNION 


T IS sufficiently obvious that the 
I actual duration of infancy, child- 

hood and youth varies enorm- 
ously in different mammals. A rat 
reaches skeletal maturity in little more 
than two months, a dog in less than 
two years, a gorilla in approximately 
seven years! and a human being in 
about twenty. The relation of these 
periods to total life span cannot at 
present be estimated and indeed in all 
creatures except man the duration of 
life is a matter of accidental environ- 
ment: it often terminates soon after 
or even before maturity is stabilized. 
Hinton, for example records his ex- 
perience that in many thousands of 
modern and fossil arvicola (a field 
mouse) he has met with only two skele- 
tons in which the epiphyses are united 
(7). 

Elsewhere we have shown that cur- 
rent estimates of the age of union of 
epiphyses in man are inadequate in 
that they unjustifiably postulate an 
inherent great variability in time rela- 
tionship which altogether obscures the 
age-order of union. While it is true 
that there is variability and that the 
scatter is greatest in the period be- 
tween eleven and fifteen years of hu- 


*From the Hamann Museum, Western 
Reserve University, Cleveland, Ohio. 


CHILD DEVELOPMENT, VOL. I, NO. 2 


79 


man life, the assumption of natural 
variability is unwarranted. Investi- 
gators have been misled by circum- 
stances. 

First the amount of skeletal material 
upon which the classic and traditional 
estimates are based is altogether too 
scanty for reliance. Observations have 
been copied from one account to 
another with slight alterations based 
upon evidence of no real worth. Most 
modern accounts can be traced to {that 
of Henle in Gottingen in 1871 (6). 

Secondly, radiographers, relying 
upon the essential accuracy of ac- 
counts in anatomical texts and lacking 
the actual material with which to com- 
pare their roentgenograms, have as- 
sumed reliability for their observations 
on date of union of massive epiphyses 
like those at the knee or hip. They 
have failed to realize that the medley 
of overlapping shadows renders im- 
possible the reading of such roentgeno- 
grams without a thorough collateral 
training on actual anatomical material. 
They have not realized, as yet, that 
the occurrence of Hellman’s stages (5) 
in preparation for union confuse the 
roentgenographic appearance for large 
diaphyso-epiphysial junctions. Their 
observations on these areas, numer- 
ous though they be, carry no weight at 
all in spite of impressive figures. 

Thirdly, investigators have failed to 
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recognize the peculiar complexities? of 
the human maturation schedule, being 
unaware of the manner in which this 
grows out of the primate pattern with 
extensive delays and scatter during 
puberty and the prepubertal period 
but presenting equally striking uni- 
formity before and after these years. 
The evident erratic character of epi- 
physial union in hand and foot, oc- 
curring as it does in this period of ir- 
regularity, is no criterion of the time 
relationship of skeletal maturation 
elsewhere. 

In this confusion it is imperative 
that the whole problem of skeletal 
maturation be investigated afresh and 
the human pattern elucidated by com- 
parison with those of other mammals. 
Since we have only the scantiest in- 
formation regarding the time rela- 
tionships of the various features of 
skeletal maturation in mammals it is 
obvious that we start by investigating 
the maturation pattern without con- 
sideration of chronological age. Our 
themes then must be four, taken in 
series, and for the present our attention 
will be directed to actual epiphysial 
union. 

1. The order of epiphysial union. 

2. The time relationship of epiphy- 

sial union. 

3. Experimental and other evidence 
of modifications in this time re- 
lationship. 

4. Local expression of irregularities 
in skeletal maturation in epi- 
physes which ossify only in 
part like those of the human 
clavicle and symphysis pubis. 

Some years ago Stevenson, under my 
direction, published an account of the 
age order of human epiphysial union in 
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one of the most stable periods of hu- 
man development, namely the early 
adult years between eighteen and 
twenty two (14). Our conclusions, 
there stated, have often been called in 
question but never proved inaccurate. 
Critics have produced no valid mate- 
rial to justify their objections. Some 
have relied upon their assumption 
that without control of observation 
upon actual skeletons they could 
identify union by roentgenographic 
methods, altogether oblivious of the 
fact that overlapping shadows present 
a misleading appearance of continuity 
in bone tissue (11, 12,13). Other crities 
have utilized mammalian material in 
which the occurrence of pathological 
anomalies has been conceded (1, 2). 
The Hamann Museum of Western Re- 
serve University, alone among insti- 
tutions, houses a large enough collec- 
tion of human skeletons from known 
individuals to make such an inquiry 
possible and we stand in no fear that 
our observations will ever be success- 
fully refuted. 

For the elucidation of this problem 
of age-characters in the skeleton we 
have at our disposal and have carefully 
studied eighteen hundred human skele- 
tons of known persons including more 
than two hundred young people and 
adolescents, more than a thousand 
mammalian skeletons including one 
hundred and fifty anthropoids. All 
the human material and most of the 
mammalian skeletons are in the Ha- 
mann Museum. The majority of the 
remaining mammalian skeletons were 
examined, by the courtesy of Sir Arthur 
Keith, in the Museum of the Royal 
College of Surgeons, London. A com- 
paratively few skeletons were found in 
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the American Museum of Natural His- 
tory, New York, the National Museum, 
Washington and the Field Museum, 
Chicago. Observations on certain of 
the skeletons in these latter American 
collections were made by Stevenson 
but all the Reserve and College of 
Surgeons material and most of the 
small American series have been stud- 
ied by myself. 


THE DETERMINATION OF ORDER OF 
UNION. 


It seems a very simple matter to ar- 
range the epiphysial fusions in order 
but in practice difficulties arise through 
the imperfections which are found in 
skeletal material even under the most 
assiduous care. It may be, for exam- 
ple, that in skinning the animal the 
fingers and toes have been mutilated, 
or that in transport home from the 
field a part of one limb has been lost 
or possibly important bones like the 
clavicles. Then again some bones are 
missing in certain animals or so greatly 
modified that they lose their signifi- 
cance and themselves constitute a 
problem for investigation. Notable 
among these are clavicles, fibula, meta- 
carpals, metatarsals, cervical vertebrae, 
pelvic girdle and hind limbs. Even 
if it is desired only to compare sequence 
of union within a single mammalian 
order some scheme must be devised to 
eliminate this difficulty. If the investi- 
gation be of larger scope the need is 
correspondingly more urgent. 

The method used is, in essence, very 
simple. The several stages of fusion 
are evaluated. The evaluations for a 
particular epiphysis in all skeletons 
are summated and divided by the total 
number of skeletons in which that epi- 


physis isfound. The record is kept in 
its fractional form and, for compari- 
son, is reduced to a least common de- 
nominator for the group of material 
under investigation. In a certain 
group of rodents, for example, there 
were 51 skeletons. Of these, owing to 
defects, 50 had humeri, 49 had radii. 
Only 32 had acromion processes since 
these bone elements are often lacking 
in rodents. To compare the results 
of our observations on these epiphyses 
our fractional figures had to be re- 
duced to a least common denominator 
of 51. The actual evaluations are no 
union 0; commencing union 1; recent 
union 3; complete union 4. 

The precise amount of union dis- 
played in any series of skeletons de- 
pends on the scatter of the several 
skeletons over the life span. So many 
diverse factors enter into the acciden- 
tal determination of the series that it 
is unnecessary to make an enumera- 
tion. Some interpretation can be at- 
tempted in the chapters dealing with 
the several orders. Clumping, or, at 
the other extreme, wide dispersal of 
union in the several epiphysial sites 
may be merely an expression of the 
portion of the life span covered by the 
particular series of skeletons. 


FEATURES OF EPIPHYSIAL UNION 


Most epiphyses, as Parsons showed 
(10), form a more or less perfect cap 
so that, when embedded in deep soft 
tissue as at the hip, or when large and 
complicated as at the knee, the roent- 
genogram may yield but little informa- 
tion of the precise state of the di- 
aphyso-epiphysial junction except to 
those observers who have carefully 
checked their roentgenograms on the 





82 


actual skeleton from which they were 
made. The only workers who have 
had adequate opportunity to do this 
are the little band of investigators in 
Western Reserve University. 

Before actual union occurs there is a 
narrowing of the diaphyso-epiphysial 
gap, described by Hellman (5), witha 
slight condensation of bone tissue at 
the adjacent surfaces of diaphysis and 
epiphysis shown on roentgenograms 
as an indefinitely outlined whitish mar- 
gin. When union commences it oc- 
curs erratically in the depths of the 
diaphyso-epiphysial plane and occurs 
last on the surface of the bone. The 
skeleton plainly shows first the close 
approximation of epiphysis to shaft 
with progressive narrowing of the gap 
and later an increasing fusion of the 
two bone elements. In the fresh bone 
there is a fine red line marking the site 
of union for about six months after the 
fusion is perfected. This stage we call 
recent union. The red line then be- 
comes transformed into a white scar 
which in some places, lower end of 
radius and ulna for example, disap- 
pears usually in a few months but in 
others, such as the knee, may remain 
throughout life in modified form. 
When the white scar has developed we 
call the union complete. These fea- 
tures are just as plainly apparent in 
other mammals as in man and can be 
readily demonstrated by a little care- 
ful dissection. 


COMPARATIVE ORDER OF UNION 


Among existing orders of mammals 
there are 2 which are essentially primi- 
tive, providing opportunity for study 
of epiphysial union, namely the insec- 
tivores and the rodents. The former 
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have adopted a safe mode of life which 
enables them to live long. They are 
comparatively rare in collections, are 
difficult to procure and, because of 
their relative immunity to capture, are 
often aged when obtained. The ro- 
dents on the contrary are easily obtain- 
able and often gregarious. Then tend 
to die young, in groups,’ so that they 
are numerous in museums and their 
skeletons usually show the unmistak- 
able signs of adolescence or early ma- 
turity. Hence we shall utilize them as 
a starting point for our description. 

It is not my intention at this time to 
present a detailed discussion of the 
order of union among the skeletal epi- 
physes. It will be sufficient to point 
out the general similarity of order pat- 
tern as an indication of the manner in 
which epiphysial union, as a manifesta- 
tion of skeletal maturation, may be 
utilized to identify comparable points 
in the life-spans of very different ani- 
mals. I have drawn up a table based 
upon the records of somewhat less than 
four hundred mammals from some of 
the earlier work, the later amplified 
tabulations being not yet completed. 
This table includes simply the epiphy- 
ses of the long limb bones excluding 
those of hand and foot. It covers all 
the primates and makes use of the ro- 
dents as an illustration of the relatively 
slight divergence to be found between 
vastly different mammalian orders. 

The distal epiphysis of the humerus 
is the first to unite except in gorilla 
where the proximal epiphysis of the 
ulna unites slightly before it. The 
last epiphysis to fuse is the proximal 
end of the humerus though in orangs 
and gorillas the distal ends of radius 
and ulna lag somewhat behind it. 
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There is no great lapse of time between 
union of these three epiphyses in any 
of the higher primates. In man and 
chimpanzees radius and ulna precede 
humerus by a very short time and in 
gibbons all three unite together. 

The medial epicondyle of the hu- 
merus closely follows the distal ex- 
tremity in date of union. In anthro- 
poids, except gorilla mentioned above, 
and in man the proximal end of the 
ulna unites in point of time between 
these epiphyses. There is however no 
great alteration in date of union of 
proximal ulna in these animals from 
the date in lower primates. In all it 
has attained a much earlier union than 
in rodents in which it fuses compara- 
tively late. This epiphysis is the only 
one of those in the arm under con- 
sideration to show a marked change 
in order of union when primates and 
rodents are compared. 

As ior the epiphyses of the leg, those 
at upper end of femur always unite 
first in primates. In man and the 
large black anthropoids they are com- 
paratively early in theirfusion. Then 
follow distal tibia and fibula. Distal 
femur with proximal tibia and fibula 
unite last of the leg epiphyses and 
close together in time, the precise order 
varying slightly from one genus to 
another. In rodents the order is but 
little different. The same three epi- 
physes are the last to fuse but distal 
tibia and fibula climb to a position 
among the fusions at upper end of 
femur. 

Were it possible to continue this 
survey without regard for space it 
would be possible to demonstrate a 
like similarity in epiphysial union over 
the entire skeleton. This demonstra- 
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tion must however await the complete 
publication of our researches. The 
claim has been illustrated that through- 
out the mammalia there is a definite 
and approximately uniform order of 
epiphysial union, modified indeed by 
influences quite imperfectly under- 
stood, but holding valid in the main. 
This uniformity is definite enough to 
enable us to identify the several phases 
in maturation of the mammalian skele- 
ton and to compare with assurance 
identical phases in animals belonging 
to a single order. For the present 
purpose it suffices to restrict our at- 
tention to the anthropoids. 


TOOTH ERUPTION AND SKELETAL 
MATURATION 


From the examination of our im- 
mature anthropoid skeletons it is ap- 
parent that tooth eruption and epi- 
physial union progress together and 
that their inter-relationship is similar 
to that shown in human skeletons. 

The subject of tooth eruption in 
anthropoids has been made a special 
study by Krogman (9) whose results 
are set forth in an article shortly to be 
published. 

The dates of eruption of canines, 
premolars and second molars in man 
are subject to quite considerable varia- 
tion but this, as we shall see, is a neces- 
sary corrollary of the specific human 
adolescent lag which we are later to 
discuss. 

Tooth eruption, like skeletal ma- 
turation of which one feature is epi- 
physial union, can be violently dis- 
organized by certain pathological 
states. In a series of thyroidectomized 
sheep for which we have to thank the 
late Professor Sutherland Simpson and 
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Doctor H. 8. Liddell of Cornell Uni- 
versity we have found repression of all 
skeletal maturation so that tooth erup- 
tion and epiphysial union alike are 
greatly delayed. Further than this 
one need not go at the moment. It is 
evident however that conditions of 
captivity may retard skeletal matura- 
tion. This, I believe, may be the ex- 
planation of Zuckerman’s claim, from 
the study of five chimpanzees at the 
London Zoo, that dates of tooth erup- 
tion in the chimpanzee are practically 
the same as those for man (18). 
Basing our conclusions in the first 
place upon such fragmentary observa- 
tions as have been made upon the 
probable actual chronological age of 
anthropoids examined in captivity and 
upon the records of their tooth erup- 
tion, but amplifying these with our 
own quite extensive examinations of 
anthropoid skeletons we may state in 
general terms that an anthropoid of 
twelve months corresponds in de- 
velopment to a human being of two 
years, that an anthropoid of four years 
corresponds to a child of five, an an- 
thropoid of six years to a child of 
twelve and an anthropoid of seven 
years to a youth of twenty.‘ For this 
last conclusion we are indebted to the 
comprehensive work of Doctor Yerkes 
on Congo, a mountain gorilla (15, 16). 
The skeleton of this animal, approxi- 
mately seven years old, was sent to 
Doctor A. H. Schultz in Baltimore. 
Through the courtesy of Doctor 
Schultz both Doctor Krogman and I 
examined the skeleton and each inde- 
pendently assigned to it a maturation 
comparable between eighteen and nine- 
teen years of human life, utilizing for 
this decision the epiphysial keys pre- 
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pared by Stevenson on the Reserve 
human skeletons (14). 

The opinion of Keith in 1899 (8) 
that the permanent teeth of the an- 
thropoids are probably in place by the 
fourteenth year should perhaps be 
somewhat modified by the observa- 
tions on Congo in which the permanent 
set was already complete except for 
the third molars and the canines. 

Krogman working upon our anthro- 
poid and Old World Ape material has 
stated the dates of eruption of teeth 
in terms of epiphysial union (9). On 
the basis of this comparison he notes 
that although tooth eruption in these 
primates does not slavishly follow the 
human pattern, yet, for practical pur- 
poses, at a given comparable epiphy- 
sial age the permanent teeth erupted 
are thesame. ‘This does not bespeak 
identity in actual years but infers a 
practically uniform chronological se- 
quence. It must be recognized that 
the entire growth process in anthro- 
poids is accomplished in fewer years 
than in man, especially after the period 
of infancy.” 


THE ADOLESCENT LAG 


The comparison of weight curves 
during the first year of life made by 
Dodge (3), shows a progressively di- 
minishing scatter in both males and 
females. The Misses Hejinian and 
Hatt, working at the Merrill-Palmer 
School (4), have shown the stable and 
rather uniform character in progress of 
development in boys and girls between 
one and five years. Our own observa- 
tions during the past four years on 
boys and girls from five to thirteen 
years, now in process of publication, 
demonstrates that there is a minor pro- 
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gressive acceleration of female skeletal 
maturation between six and eight 
years. During the period eight to nine 
years the females slow up so that the 
male maturation reaches that of the 
female at about the latter date. At 
ten years the girls again advance ahead 
of the boys and, shortly after the 
thirteenth birthday, are already at the 
stage reached in the boys about the 
fifteenth birthday. Thereafter they 
slow down once more and at about six- 
teen years and a half the maturation 
of the male skeleton has finally caught 
up that of the female. From this 
date onwards an increasing stabiliza- 
tion is significantly apparent and the 
years eighteen to twenty-two are re- 
markable for the uniform maturation 
of the skeleton in males and females 
which both keep to the same schedule. 
It is the stabilization at the approach 
of adult life between the eighteenth 
and twenty-second birthdays which 
we emphasized in Stevenson’s article. 
Such adverse criticism as this demon- 
stration has met is based upon lack of 
understanding of the manner of hu- 
man maturation in relation to that of 
other primates and to a fallacious be- 
lief in the ease with which roentgeno- 
graphic shadows of the larger 
diaphyso-epiphysial areas can be in- 
terpreted. We must again emphat- 
ically point out that those who assume 
their infallibility in interpretation by 
roentgenograms alone of Hellman’s 
stages B. C. D. in the shoulder, hip, 
knee and even elbow, wrist and ankle, 
without careful training upon the ac- 
tual adolescent skeletons themselves, 
from which the roentgenograms have 
been made, are taking upon their 
shoulders a heavy and, likely enough a 
crushing, burden. 
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Such peculiarities as are shown in 
the female accelerations between six 
and eight years and between ten and 
sixteen years, cannot occur without 
considerable scatter. It is therefore 
quite to be expected that we should 
find, as we do, a greater individual 
variability among girls than among 
boys. It is here intended simply to 
lay stress upon general trends and not 
to detail specifically the range or dis- 
tribution of examples. Many girls 
show no greater progress than the boys 
and some are even retarded behind the 
boys. Questions relating to retarda- 
tion and acceleration must be dealt 
with in another communication. 

The scatter, both among boys and 
girls is greater in the period of ten to 
sixteen years than at earlier ages. In 
the light of our anthropoid studies this 
isintelligible. It isa reasonable corol- 
lary of the characteristically human 
and greatly extended developmental 
period of adolescence. 

This adolescent lag in human skele- 
tal maturation, with its corollary the 
adolescent scatter, is quite the most 
fascinating and instructive problem 
which we have opened up in our stud- 
ies on growth. It is the key to better 
understanding of multitudinous com- 
plexities and difficulties of the second 
decade. 

Adolescence is a figment of the ma- 
ture imagination. The word itself is 
abhorrent to those to whom we apply 
it. The gorilla like all other mammals 
leaps from childhood to adulthood. 
The inception and maturation of its 
adult features cover but a period of 
months. A characteristic feature of 
man is his adolescent lag whereby the 
development of his adult characters 
occupies as many years as it does 
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months in the gorilla. This is the 
modern counterpart of the doctrine of 
human foetalization. When we note 
the divergence between different young 
people in the date and order of appear- 
ance of adult characters’ we are merely 
observing in exaggerated perspective 
similar irregularities which are com- 
mon to all mammals but are empha- 
sized in mankind on account of his 
adolescent lag. 


SUMMARY 


1. A detailed and comprehensive 
analysis of mammalian epiphysial un- 
ion, accompanying a quite exhaustive 
investigation of this problem in man, 
shows the essential unity in order 
and relationship of epiphysial union 
throughout the mammalia. 

2. The occurrence of Hellman’s 
stages B and C, namely the approxima- 
tion of epiphysial bone to diaphysis, 
before union is begun, can easily be 
identified in hand and foot, but in the 
larger areas, shoulder, hip and knee, 
and even in elbow, wrist and ankle, 
obscures the precise state of the dia- 
physo-epiphysial plane and renders in- 
terpretation fallacious. 

3. In order to check one’s observa- 
tions on the roentgenogram it is es- 
sential to examine anatomically the 
very bone roentgenographed. Lack of 
such training has led many honest 
workers into error. They have con- 
firmed the existing fallacious textbook 
statements of date of union without 
realizing the inaccuracy of the method 
used. 

4, Applying a simple valuation to 
the state of the diaphyso-epiphysial 
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junction it is possible to express nu- 
merically the order of union and the 
relative period over which, for that 
particular group of skeletons whether 
human or mammalian, epiphysial 
union takes place. 

5. The dates of epiphysial union 
and eruption of permanent teeth are 
related so that they may be regarded, 
for this purpose, as different aspects of 
the same phenomenon. Both order- 
pattern and date of union or eruption 
can be and are modified by pathologi- 
cal conditions of the body. 

6. There is a chronological linkage 
for both epiphysial union and erup- 
tion of teeth which is normally stable 
for a particular animal but varies with 
the order or genus. 

7. The special character of the 
primates is a lag of maturation 
throughout infancy and childhood. 
Nevertheless even in them adult 
characters quickly reach complete de- 
velopment once they have appeared. 

8. The particular feature of man’s 
development is his adolescent lag, and 
the scatter in individual variation 
which is most pronounced between 
eleven and fifteen years. The most 
stable and uniform periods of human 
skeletal development for both males 
and females are between one and five 
years and between eighteen and 
twenty-two years. 


NOTES 


Having had the privilege of sub- 
mitting this manuscript to Professor 
R. M. Yerkes for criticism and com- 
ment I take the opportunity to add 
certain notes which will assist in 
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TABLE 1 


Order of epiphysial union with number of examples in each series 





MAN (151) 


GORILLAS (27) 


CHIMPANZEES (27) 





Hum. dist. 


Ulna prox. 
Hum. med. ep. 
L. troch. 
Fem. head 
G. troch. 
Tib. dist. 
Fib. dist. 
Rad. head 
Tib. prox. 
Femur dist. 
Fib. prox. 
Rad. dist. 


Ulna dist. 


Hum. prox. 


Ulna prox. 

Hum. dist. 
L. troch. 
Fem: head 
G. troch. 


Hum. med. ep. 


Rad. head 
Tib. dist. 
Fib. dist. 
Fem. dist. 
Tib. prox. 
Fib. prox 

Hum. prox. 

Rad. dist. 

Ulna dist. 


Hum. dist. 
Ulna prox. 
L. troch. 
Fem. head 
G. troch. 
Hum. med. ep. 
Rad. head 
Fib. dist. 
Tib. dist. 
Fem. dist. 
Tib. prox. 
Fib. prox. 
Rad. dist. 
Ulna dist. 
Hum. prox. 





ORANGS (22) 


GIBBONS (11) 


OLD WORLD APgEs (77) 








Hum. dist. 
Ulna prox. 
Ham. med. ep. 


Rad. head 


L. troch. 
G. troch. 
Fem. head 
Tib. dist. 
Fib. dist. 
Tib. prox. 
Fib. prox. 
Fem. dist. 
Hum. prox. 
Rad. dist. 


Ulna dist. 


Hum. dist. 
Ulna prox. 


Hum. med. ep. 


Rad. head 
L. troch. 
G. troch. 
Fem. head 
Tib. dist. 
Fib. dist. 
Tib. prox. 
Fib. prox. 
Femur dist. 

Rad. dist. 

Ulna dist. 

Hum. prox. 


Hum. dist. 
Hum. med. ep. 
Ulna prox. 
Rad. head 
L. troch. 
G. troch. 
Fem. head 
Tib. dist. 
Fib. dist. 
Fib. prox. 
Fem. dist. 
Tib. prox. 
Rad. dist. 
Ulna dist. 
Hum. prox. 





NEW WORLD MONKEYS (36) 


LEMURS (39) 


RODENTS (136) 





Hum. dist. 
Hum. med. ep. 
Ulna prox. 


Rad. head 


L. troch. 
Fem. head 
G. troch. 
Fib. dist. 
Tib. dist. 
Fib. prox. 
Tib. prox. 


Rad. dist. 
Ulna dist. 


Fem. dist. 
Hum. prox. 





Hum. dist. 


Hum. med. ep. 


Ulna prox. 
L. troch. 
Fem. head 

Rad. head 
G. troch. 
Fib. dist. 
Tib. dist. 
Fib. prox. 
Tib. prox. 
Fem. dist. 

Rad. dist. 

Ulna dist. 

Hum. prox. 





Hum. dist. 
Hum. med. ep. 
Rad. head 
L. Troch. 
Tib. dist. 
Fem. head 
Fib. dist. 
Ulna prox. 
G. troch. 
Fib. prox. 
Rad. dist. 
Ulna dist. 
Fem. dist. 
Tib. prox. 
Hum. prox. 
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clarifying questions which arise from 
the conclusions given in the text and 
the manner of presentation. 


(1) R.M.Y. These figures do not apply to 
growth (size) or sexual maturation. The 
gorilla assuredly is not fully grown short of 
twelve years or more. Congo was growing 
rapidly when I last observed her. 

T. W. T. Maturity in weight, sex and 
skeleton are not synchronous. Our records 
on young adult women show increase in 
weight but not in dimensions after skeletal 
maturation. Full female stature is attained 
on the average just under sixteen years, 
skeletal maturity of long bones at twenty 
but weight continues to rise thereafter. 

(2) R.M.Y. Are there not comparable 
complexities in the great apes. Though at 
present we have no measurements of psycho- 
biological development in relation to age in 
any anthropoid ape I should like to have the 
question of fact raised. 

T.W.T. There undoubtedly are com- 
plexities similar in principle in anthropoids 
asinman. Observations on the growth and 
tooth eruption of our living South American 
monkeys indicate a pattern not dissimilar 
throughout primates but our distinctions 
are not yet fine enough. I intended to 
imply a pronounced difference between 
primates in general and anthropoids in par- 
ticular on the one hand and non-primates of 
the other, by my comparison of dog and 
gorilla. Imight have mentioned that skele- 
tal maturity is reached in sheep before the 
third birthday. Uniformity of epiphysial 
picture throughout period of tooth eruption 
between appearance of second milk molar 
and second permanent molar indicates ‘‘con- 
centration” of physical development (see 
also Bingham, H. C.: Growth and develop- 
ment of chimpanzees, Am. J. Phys. Anthro- 
pol., 1930, vol. 13, pp. 483-468). Confusion 
in eruption order of second permanent 
molar and premolars in anthropoids and Old 
World apes indicates the complexity to 
which you refer (see Krogman 9). 

(3) R.M. Y. Do you mean when kept 
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in colonial groups, or that they die in 
groups. 

T. W. T. I referred to the finding of 
large numbers of skeletons commingled in 
one area. Paleontologists repeatedly com- 
ment on this. We have definite evidence of 
“mouse years’”’ and migrations of hosts of 
such rodents which are cut off by death to- 
gether. As such collections emphasize a 
uniformity of general epiphysial condition 
and this corresponds to the period of early 
maturity of the animal (averaging about 
seventeen to eighteen human years) I sus- 
pect such migrations to be a kind of ‘‘vernal 
urge.” 

(4) R.M.Y. Behavioral data would sug- 
gest less marked divergence, say six to ten 
and seven to fourteen years. So far there is 
no check observation on skeleton develop- 
ment aside from tooth eruption. I do not 
think Congo was comparable psycho-bio- 
logically with a woman of twenty, rather I 
should guess fifteen years. 

T.W.T. Iamdealing solely with physi- 
cal aspects, namely skeletal differentiation 
and tootheruption. In herskeleton Congo 
was between eighteen and nineteen human 
years; John Daniels I, in his skull, more than 
five human years and less than twelve. 
Dwina (See Bingham (2) above) was twelve 
and a half upon our records in human years. 
Bingham’s chronological guess was four 
years eight months. I do not emphasize 
the exact number of years but merely the 
human lag. See also Krogman (9). 

(5) R. M. Y. Would it not be safer to 
limit the statements to structural charactezs 
since our data on functions are so limited 
(especially in case of gorilla)? I suspect 
you are substantially correct but we cer- 
tainly could not produce the supporting 
observations for behavior. 

T. W. T. I did intend so to limit my 
statement but desire to project the reader’s 
thought into the possibility of similar find- 
ings in other fields. We have little to guide 
us at present but tooth eruption and a 
plainly demonstrated expedition in epiphys- 
ial union, once it starts, after eruption of 
the second permanent molars. 
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The Acquisition of Motor Skill in 
Young Children 


A Study of the Effects of Practice in Throwing at a 
Moving Target’ 


J. ALLAN Hicks 


‘ie study is concerned with the 


effect of specific practice upon 

the ability of young children to 
hit a moving target by throwing a ball. 
Fundamentally the problem is to what 
extent young children improve in com- 
plex motor skills as a result of specific 
practice and to what extent as a 
result of other factors such as struc- 
tural maturation and general practice 
which has a direct bearing on the 
specific skill. 

The effect of specific practice was 
determined by giving 1 of 2 compara- 
ble groups of children practice in 
throwing at a moving target under 
controlled conditions while the other 
group was not given such practice. 
The added increase in skill of the 
practice group, as shown by tests, is 
attributed to specific practice because 
the other factors which might affect 
this increase can be assumed to be 
similar for the 2 groups. 


1From the Washington Child Research 
Center. Thisstudy was completed while the 
author was a scholar in child development of 
the National Research Council at the Iowa 
Child Welfare Research Station. A de- 
tailed account of the study will be published 
as an Iowa study in child welfare. 


A moving target test was devised 
and was the main test in this experi- 
ment. The Blackhurst arm strength 
test (2), the Wellman tracing path test 
(3), and the perforation test (1), were 
used as supplementary motor tests. 
This paper is a report of the results 
on the moving target test. The 
results on the supplementary tests in 
comparison with this test will be re- 
ported in a subsequent paper. 

The subjects were 60 children 
ranging in age at the beginning 
of the experiment from two years, 
seven months to six years, five months. 
The distribution according to age and 
sex for the practice and control groups 
later described is given in table 1. 
The total group included 12 three- 
year-old children, 18 four-year-olds, 
18 five-year-olds and 12 six-year-olds. 

The 60 children were first given the 
initial moving target test and the 
three supplementary motor tests. 
They were then divided into two 
groups which were comparable in 
performance on the initial test on the 
moving target. The mean score of 
each group was 11.7 with a standard 
deviation of 5.7 for the practice group 
and 5.6 for the control group. As 
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shown in table 1, both groups were 
also comparable in age and sex dis- 
tributions. 

The 30 children in the practice group 
repeated the moving target test once a 
week for eight weeks. For conveni- 
ence in carrying out this practice 
program an equal number of the 
children were tested on each of the 
school days, Monday to Friday inclu- 
sive. The one week interval was kept 
constant by testing the same children 
on the same day of the week through- 
out the experiment. A few deviations 


TABLE 1 
Age and sex distribution of children in prac- 
tice and control groups for the moving 
target test 





BOYS | GIRLS 





Group 





Practice|Control|Practice|Control 


years 
3 
4 
5 


6 12 

















Total | 13 13 60 





from this schedule were necessary be- 
cause of absences but of the 240 prac- 
tice records but 19 were off schedule 
more than three days. 

At the end of the eight weeks’ 
practice all children were given the 
moving target test once each week for 
two weeks. This gave the practice 
group an initial test, eight practice 
tests and two final tests, a total of 
eleven. The control group was given 
the initial test and the two end tests, a 
total of three practices. Ten throws 
were given during a test period so that 
each child in the practice group threw 


110 times at the target and each child 
in the control group 30 times. 

Approximately three months after 
the initial tests the strength, perfora- 
tion, and tracing path tests were given 
again to the 60 children. As nearly 
as possible the second series of tests 
was given in the same order as the 
first so that the intervals between first 
and last tests were approximately 
equal for all children on all tests. The 
average number of days elapsing be- 
tween all first and last tests for the 4 
motor tests was 83 days for the prac- 
tice group and 82 days for the control 
group. 


APPARATUS 


The moving target test apparatus 
(fig. 1) was constructed for the learn- 
ing experiment with young children. 
The target was moved along on hori- 
zontal tracks by means of an electric 
motor (4 horse-power direct current) 
so that the children had to adapt 
their aim and speed of throwing to this 
movement. The movements of the 
target were controlled by a speed 
reduction drive, pulleys, shafting, and 
a leather belt which was attached to 
the back of the target. This operat- 
ing machinery was mounted upon a 
channel iron frame 10 feet iong and 2 
feet wide by means of suitable sup- 
ports. The shafting and attached 
pulley on one end was mounted upon 
a platform which could be moved to 
adjust the drive belt. The entire 
apparatus except the target was 
painted black in order that the white 
and green target would stand out in 
relief. The target was _ started, 
stopped and reversed by means of a 
switch placed upon a table 8 feet in 
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front of the target and to the child’s 
right when facing the apparatus. This 
location enabled the experimenter to 
observe to best advantage a child’s 
movements in throwing without inter- 
fering with the test. Two rheostat 
speed controls were also placed upon 
this table enabling the experimenter 
to conveniently control the speed and 
movement of the target. On the 
basis of preliminary tests it was 


G-o 


measured by a tape fastened along the 
upper guide track. 

The target was large—4 feet in 
diameter—so that nearly all throws 
struck somewhere on its surface. In 
spite of this large size and the short 
distance of the children from the 
target—5 feet from the center of the 
running path—the younger children 
frequently missed entirely. This was 
usually due to their failure to throw 


Jrove/ 











Fic. 1. Movine TarGet APPARATUS 


1, channel iron frame; 2, one fourth h.p. direct current motor; 3, coupling; 4, speed 
reducer; 5, worm wheel on speed reducer shaft; 6, gear on pulley shaft; 7, adjustable 
platform; 8, pulley shafts; 9, pulleys; 10, leather belt; i1, detachable outer ring; 12, 
white oil cloth; 13, green oil cloth; 14, guide tracks; 15, pipe frame brackets. 


decided to maintain a constant speed 
of .33 feet a second throughout this 
experiment. The target slid on rollers 
that ran in channel iron guides for a 
distance of 8 feet. A child usually 
allows a target to move a short dis- 
tance before throwing at it and the 
distance of 8 feet was sufficiently large 
to enable every child to decide to 
throw. The distance a child allowed 
the target to move before throwing was 


high enough. Even the older children 
occasionally threw wildly. 

The target was constructed so that 
each time the ball struck it a perma- 
nent record was made, permitting a 
more accurate analysis of results than 
would have been possible otherwise. 
This was accomplished by placing the 
following parts of the target in the 
order named from back to front: 
heavy board back, copper screen wire 
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tacked to the board, carbon paper 
fastened over the screen covered board 
with the surface toward the front of 
the target, a record paper cut from 
newsprint, white oilcloth with smooth 
surface out, a bull’s eye of green oil- 
cloth 7 inches wide glued over the 
white oilcloth. The oilcloth was fast- 
ened to a removable ring bolted to the 
outer edge of the target by means of 
4 wing nuts which could be quickly 
removed. The record paper was 
clipped to the oilcloth before putting 
the ring on the target and quickly 
replaced for each trial period after 
removing the ring. Six of these rings 
were made in order to facilitate record 
changing. When the ball hit the 
target a cluster of black dots was made 
on the record paper. These were 
clearly distinguishable even when 
the ball was thrown with little 
force. 

A circle was cut from the center of 
the target board and attached screen 
and the detached part suspended in 
the opening by means of springs. 
When the ball hit the green oilcloth 
this suspended center was moved back 
and rang a bell attached to a frame on 
the back of the target. This arrange- 
ment not only gave the child the green 
bull’s eye at which to throw but gave 
the added motivation of ringing a bell 
when the bull’s eye was hit. 

In order to make the test relatively 
comparable for all children a platform 
6 feet square was used to adjust a 
child’s height to the center of the 
target. These adjustments were made 
by means of blocks slipped under the 
corner of the platform so that the 
center of the target, 36.5 inches from 
the floor, would be one inch lower than 
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the child’s shoulder height. A few of 
the children were tall enough to stand 
on the floor when throwing. The 
children stood behind a foot board 
placed parallel with the target and 
with its center 5 feet from the center 
of the target’s running path. Squash 
tennis balls 2.25 inches in diameter 
were used for throwing. A ball of 
this size was convenient for the chil- 
dren to grasp and easy to grip because 
of the rough surface. 

For convenience in scoring the 
records a model of the circular target 
was drawn upon linen drawing cloth 
and mounted on an easel with a glass 
back. Concentric circles one inch 
apart and radial lines 4 degrees apart 
were drawn upon the model. When 
the record paper was mounted and a 
flood light behind the glass turned on, 
the distance of the center of impact 
of each throw from the center of the 
target and its angle were easily de- 
termined. This method saved the 
use of measuring instruments. 


PROCEDURE 


Every child was shown the appara- 
tus before the tests were begun. After 
rapport seemed well established the 
child was brought in front of the 
target and the experimenter said, 
“See, this is a big target that runs on 
these tracks. (E pointed to target 
and tracks.) You stand here behind 
this board. (E pointed to the foot 
board and had the child take a posi- 
tion behind it approximately in the 
center and facing the target.) I'll 
start the target and show you how it 
runs. (The target was run across the 
eight foot path at the selected speed.) 
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Now I'll run it back again. (The 
target was reversed to its starting 
point.) I want you to throw this ball 
(the ball was held up so that the child 
could see it) at the target while it is 
moving and try to hit the pretty green 
part, here. (E touched green part.) 
When you hit the pretty green part a 
bell will ring like this.” (E rang bell 
once with his finger.) The experi- 
menter then held the ball out before 
the child at the child’s shoulder height 
and directly in front of him and said, 
“Try to hit the pretty green part while 
it is moving and make the bell ring. 
Now I'll make the target move.” 
(E started target.) 

As the ball struck, the target was 
stopped and the number of the throws 
in the day’s series marked on the spot 
on the oilcloth. A blunt steel stylus 
was used so that a mark was not left 
on the oilcloth but the number was 
reproduced on the record paper by 
pressure against the carbon. The 
experimenter also recorded the dis- 
tance a child allowed the target to 
move before throwing by reading from 
the tape on the upper guide track as 
well as the hand used in throwing. 

On successive throws on the initial 
test the instructions were, “Remem- 
ber, try to hit the pretty green part 
while it is moving and make the 
bell ring. Now, I'll make the target 
move.” For the first throw on all 
practice periods after the initial test 
the instructions were, ‘‘See, this is the 
big target that moves. Try to hit 
this pretty green part (E touched part 
indicated) here, while it is moving 
and make the bell ring like this. (E 
rang bell with finger.) Now, I'll 
make the target move.” For throws 
after the first in practice periods the 
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experimenter merely said, “Now, I'll 
make the target move.” 

Three preliminary throws and 10 
practice throws were given on the 
initial test, but on all later periods but 
10 throws were allowed. At all times 
the subjects were encouraged in their 
efforts. In no case, however, was a 
child given instructions in ways of 
improving his skill. At the end of 
each day’s practice period the child was 
praised for his performance. The 
novelty of the moving target seemed 
to attract and maintain the interest of 
every child. Hitting the “green part” 
and making the bell ring was appar- 
ently a real goal. A few of the 
younger children who could not ring 
the bell seemed greatly pleased to 
hit the target or to come near the 
green part. In no case was any, other 
motivation necessary. 

The record blank when completely 
filled out contained the following 
information for each throw: the dis- 
tance the target moved; the hand used 
in throwing; the manner of throwing; 
observational notes; the distance from 
the center that the ball struck; the 
score, obtained by substracting the 
number of inches the ball struck off 
center from 25, (for example, a throw 
striking five inches from the center of 
the target was given a score of 20 
and a throw striking twenty inches 
from the center a score of 5); the 
angle of the spot the ball struck rela- 
tive to a horizontal axis through the 
center of the target. The method of 
scoring follows the usual procedure of 
giving the better performances the 
larger scores. The angle values were 
later analyzed to show whether throws 
were high or low and to the right or 
to the left of the center. 
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TABLE 2 
Average scores on moving target test, practice group 





TEST 





3 








Av. | 8.D. | Av. | 8.D. 





ar age group 





5.2 
5.4 
5.3 

















sar age 





12.0 
10.0 
3.0] 10.9] 3.3 











5 year age group 





16.3 
12.5 
13.7 





ar age 





13.2 
16.8 
14.4 





All ag 





12.3 
10.6 
11.3 


















































AVERAGE 
OF ALL 
TESTS 





8.D. Av. 8.D. 





3 year age group 





9.6 
9.1 
3.1] 9.3] 2.7 




















4 year age group 





12.9 
12.2 10.3 
4.4 | 12.7 .1} 11.5 
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TABLE 2—Concluded 





TEST 





AVERAGE 
OF ALL 
TESTS 


8 E2 





Av. 8.D. 


Av. | S.D. 





Av. | 8.D. | 





5 year age group 





3.7 





17.7 
13.4 
14.8 


2.8 





6 year age 


group 

















16.6 
13.2 
15.5 


























14.2 
10.3 
12.0 


3.8 
4.2 
4.5 





14.3 
11.7 
12.8 


14.6 
12.9 
13.6 








RESULTS 
Reliability of test 


The reliability of the moving target 
test was computed in the following 
ways: 

1. The sum of the 5 odd numbered 
throws on the initial test for each 
child was correlated with the sum of 
the 5 even numbered throws. The 
correlation obtained by using the 
product-moment method, for 60 chil- 
dren in age groups three to six inclu- 
sive, was .89 +.17. When stepped 
up by the Spearman-Brown prophecy 
formula the reliability coefficient for 
the whole test became .94. This 
coefficient was obviously affected 
by the age range of the children 
considered. In order to throw some 
light on the influence of the age factor, 
coefficients were computed between 
the sum of the odds and the sum 
of the evens as before but first for 


three and four year old children 
taken together and then for five and 
six year old children together. The 
coefficient obtained for 30 children in 
age groups three and four combined 
was .76 +.05, which stepped up for 
the whole test became .86. The 
coefficient obtained for the 30 children 
in age groups five and six combined 
was .63 +.07, which stepped up for 
the whole test became .78. 

2. The average scores for the initial 
test of 30 children in age groups three 
to six inclusive were correlated with 
the average scores on the first practice 
test, given approximately one week 
later. The coefficient of reliability 
obtained by this method was .74 +.06. 


Effects of practice on average scores 


The average scores of the 30 children 
in the practice group for the initial, 
practice and end tests are given in 
table 2 for age groups separately and 





Hicks: Motor Skill in Young Children 


combined, and for sex groups for each 
age group and for all ages combined. 
A score of an individual was the 
average of the scores made on 10 
throws at the target on one day’s 
test period. The scores of individuals 


TABLE 3 
Average scores on moving target test, control 
group 





TEST 





El E2 





NUMBER 


Ay. |8.D.| Av. | S.D. 





r age group 





8.7 
3.8 
5.4 


9.2 9.6 
7.4 7.5 
5.5) 8.0) 3.5) 8.2 











4 year age group 





11.0 
11.2 
11.2 


12.4 
11.8 
5.2)12.1 


12.0 
12.5 
2.412.3 














5 year age group 





15.5 
/13.8 
2.9|14.4! 2.3 


15.4 
11.3 
12.6 


15.1 
12.4 
2.6)13.3 

















6 year age group 


18.6 
14.6 
1.9)17.2 





4 |18.4 
2 114.8 
6 |17.2 


16.8 
15.9 
2,216.5 








1.4 





All ages 





13 |14.0) 5. 
5. 


7 5. 











on all tests ranged from 0 to 20.6. 
Standard deviations are given in 
table 2 for the practice group for each 
age group and for all ages combined, 
and for total sex groups. Table 3 is 
. similar to table 2 and gives the data 
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for the control group. Figure 2 shows 
the average scores for the practice 
group as compared with the control 
group. It also shows separate curves 
for the practice group boys, and the 
control group boys, the practice group 
girls, and the control group girls. 

Total groups. Tables 2 and 3 and 
figure 2 show that both the practice 
and control groups made small gains 
in average scores from initial to final 
tests and that the gain of the practice 
group was slightly larger than the gain 
of the control group. The average of 
each group on the initial test was 11.7. 
The final average of the practice 
group was 13.6, a gain of 1.9; the final 
average of the control group was 13.0, 
again of 1.3. The practice group thus 
gained 0.6 more than the control. 

The formula for the standard error 
of a difference between correlated 
measures, 





y Diff. = V7 Av.1— 7 Av. 2 — 217 Av. 1 y Av. 2, 


was used to determine the statistical 
significance of the gains of the practice 
and control groups. By this formula 
the gain of the practice group was 1.9 
with a standard error of 0.60 and the 
gain of the control group 1.3 with a 
standard error of 0.73. ‘The gain of 
the practice group was thus 3.2 times 
the standard error and may be con- 
sidered significant. The gain of the 
control group was only 1.8 times the 
standard error—not statistically sig- 
nificant. 

The standard error of the difference 
in gains of the practice and control 
groups computed from the formula 





+ Diff. in gains = V/¥ gainl + y°gain2 
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was 0.95. The obtained difference of 
0.6 is not therefore significant by the 
usual criterion that the obtained 
difference must be three times its 


The average score for all tests com- 
bined was 12.2 for the practice group 
and 12.4 for the control group. This 
lower average for the practice group 


standard error in order to be considered was due to the fact that their average 


TEST 

Averace Scores on Movine Tarcer 
Tests ev Tora. ano Sex Groups. 

Tora. Pracrice Grove -————————) 
Tora. Conrro. Grove (—-——-——-) 
Practice Group Bors ~——————-—) 
Conrro. Grove Bors ————-—--—--— 
Practice Group Gims (m—--—-—---—9 
Contro. Grove Ginis —————--—) 


Fig. 2 


statistically significant. The differ- 
ence in the gains of the 2 groups on the 
first end test also is not significant 
because the obtained difference in 
gains was but 0.2. 


fell below the initial test average on 
practice tests 1, 2 and 4, as indicated 
by figure 2, The individual records 
show that 17 practice group children 
gained in scores from the initial to the 
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final test while 13 lost; 16 control 
group children gained, 13 lost and 1 
did not change. 

Sex groups. The practice and con- 
trol group girls, all ages combined, 
each had an initial test average of 9.9. 
On the final test the practice group 
gained 3.0 and the control group 2.3, a 
difference in gains of 0.7 in favor of the 
practice group. The difference on 
the first end test was but 0.4. The 
curve for the practice group fluctuates 
from test to test. It is difficult to 
account for the high peak on test 3 
when an average of 12.1 was made, 
an average not made again until the 
final test. The drop to an average of 
9.6 on test 4 is due to the drop of the 
five-year-old girls. Five of the 6 
girls in this group made lower scores 
than on test 3 but the only large drop 
was in the case of one child who 
dropped from 19.3 to 8.3, due to the 
adoption of an inhibited style of 
throwing. 

The initial test scores of all boys of 
the practice and control groups was 
14.0 for each group. On the final 
test the practice group gained 0.6 
and the control 0.1, a difference in 
gains of 0.5 in favor of the practice 
group. On the first end test the con- 
trol group surpassed the practice 
group by 0.1. On test 3, which was a 
high peak for the girls, the boys’ 
average of 12.1 was their lowest 
average score. This was the same 
average as that of the girls for the same 
test. The highest average, 15.2, was 
made by the boys on test 7. 

Comparing the average scores of the 
boys and girls for all tests combined 
given in tables 2 and 3, it is seen that 
the boys surpassed the girls at each of 
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the four age levels in both the practice 
and control groups except in the four- 
year-old control group in which the 
averages of the boys and girls were the 
same. These consistent differences 
indicate that the boys excelled on this 
test. The evidence that the boys 
excelled is even stronger when the 
average age in months for each age 
group is considered. In each age 
group of the practice and control 
groups, except the five-year controls, 
the boys were 0.7 to 4.5 months 
younger. 

Age groups. Figure 3 shows the 
averages by age groups, for the 
practice and control subjects. The 
three-year age groups of the practice 
and control groups made the lowest 
average scores on all tests but made 
the largest gains from initial to final 
tests. The gains for each age group 
were as follows: three-year practice 
group 4.6, control, 2.8; four-year 
practice group 1.2, control, 1.1; five- 
year practice group 1.5, control, 1.8; 
six-year practice group 1.0, control, 
—0.7. Thus the three, four and six- 
year old practice groups exceeded the 
control groups whereas the opposite 
was the case with the five-year-old 
group. 

Comparing the age group average 
scores on all tests combined in tables 
2 and 3 it is seen that the average of 
the three-year-old practice and control 
groups was the same, the control 
excelled 0.4 in the four-year group, the 
practice group, 0.5 in the five-year 
group, and the control group, 1.5 in the 
six-year group. The lower averages 
of the practice groups were due to test 
periods in which the averages fell 
below the initial and final test averages. 


966984A 
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The combined gain of the three and 
four-year-old practice and control 
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the difference 
significant. 


is not statistically 


TEST 


Averaee Scores on Movine Tarcer 
Tests sv Ace Groups. 
Pracnce Grove Tres Year O10 (-—---——---4 
Conrrot Grove Turee Year O10 --—-----—4 
Practice Group Four Year O10 (—--——--—) 
Conrrot. Group Four Year O10 (—---—--—--4 
Practice Group Five Year Qin -——————) 
Conrrot Grove Five Year O10 -——-——-—) 
Practice Grove Six Year O10 -————-———) 
Conrro. Grove Six Year Orn bo) 


Fia. 3 


groups was 2.22 with a standard error 
of 0.88. The gain of the five and six- 
year-olds was 1.02 with a standard 
error of 0.56. The difference in gain 
between the 2 groups was 1.2. The 
standard error of 1.04 indicates that 


Variability of groups 


Coefficients of variability were high 
for both the practice and control 
groups due to large standard devia- 
tions. There was a consistent tend- 
ency, however, for the coefficients to 
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become smaller on later tests, showing 
that the scores of individuals in the 
groups became more closely bunched. 
No significant difference in this tend- 
ency existed between the practice and 
the control groups. 

The coefficient of correlation between 
the gains for individual scores from 
the initial to the final tests and the 
scores on the initial test was —.78 
+.03. This also indicates that the 
scores of the individuals in the group 
were becoming more closely bunched. 

This tendency toward bunching 
seems to have been due to the fact 
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Practice effects within test periods 


In order to determine the effects of 
practice within a test period the aver- 
age scores for each of the 10 trials of the 
test period were computed. Table 4 
gives the results for the practice and 
control groups separately. 

An examination of the averages in 
table 4 discloses that the average 
scores of the sixth to the tenth throws 
are slightly higher than the first to the 
fifth. The average of the first five 
throws of the practice and control 
groups combined is 11.9 and of the 


TABLE 4 
Average score by trials within a practice period for moving target test 





Throw in series 





ies | 84 ee 


ee? 





Practice group 





11.8 | 11.3 | 11.7 | 


11.8 | 12.3 | 12.0 | 12.8 | 12.2 | 12.4 | 13.1 | 12.1 





Control group 





11.9 | 12.6 | 11.2 | 13.1 | 12.0 | 11.7 | 13.1 | 13.0 | 12.8 | 13.0 | 12.4 





‘ 


that children scoring high on the 
initial test made small gains on the 
final test as compared with children 
scoring low on the initial test. An 
examination of individual records 
corroborates this. For the practice 
and control groups combined 9 chil- 
dren in the upper half on the initial 
test gained on the final test while 21 
made lower scores; 24 in the lower half 
on the initial test gained, 5 lost and 
1 did not change. This tendency is 
probably due in part to the fact that 
the units of improvement on the 
scale of 0 to 25 were not equal in 
difficulty of attainment. 


last five throws 12.6, an advantage of 
0.7 for the last five throws. 

Another indication that there was 
some practice effect within each 
practice period is shown by the fact 
that the bell was rung 102 times out of 
217 on the first five throws and 115 on 
the last five throws. 


Practice effects on elimination of errors 


For the practice group 76 per cent of 
all throws were below the center of the 
target on the initial test and 62 per 
cent on the final test, a reduction of 14 
per cent. For the control group 69 
per cent of the throws were low on the 
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initial test and 67 per cent on the final 
test, a reduction of 2 per cent. There 
is some evidence of a greater tendency 
for the practice than for the control 
group to eliminate the low throws. 
However, this did not bring about a 
significant difference in the gains in 
scores of the 2 groups. 

For the practice group 67 per cent 
of all throws on the initial test were to 
the left and 61 per cent on the final 
test, a reduction of 6 per cent. For 
the control group 69 per cent were to 
the left on the initial test and 62 per 
cent on the final test, a reduction of 7 
per cent. There was thus a slight 
tendency for both groups to correct 
their throws to the left. 


Distance target moved 


The children stood facing the center 
of the 96 inch path through which the 
target might run so that it would seem 
that the target would be easier to hit 
when approximately in the center of 
its running path. This would be at 
the 48 inch mark. However, the 
children did not !st the target move 48 
inches before throwing. The average 
of the practice group on the initial 
test was 19.4 inches and on the final 
test 19.8; of the control, 20.4 on the 
initial test and 24.2 on the final test. 
There is no evidence that practice 
had any great effect on the distance the 
target was allowed to move. 


Relation of success to other trials 


In order to determine the relationship 
of throws that rang the bell to throws 
immediately preceding or following, 
the data were analyzed as follows: The 
average of all throws immediately 
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preceding a throw which rang the bell 
was computed for all trials in the day’s 
series for the children in the practice 
and control groups combined. Simi- 
lar averages were computed for all 
throws immediately following the ring- 
ing of the bell. The averages of all 
throws not ringing a bell and not just 
preceding or following a throw which 
rang a bell was 13.5. The average of 
all throws immediately preceding the 
ringing of a bell was 14.6 and the aver- 
age of all throws immediately following 
the ringing of a bell was 15.2. The 
difference between the average scores 
of the throws not ringing a bell or not 
immediately preceding or following a 
throw which rang a bell, and the 
average of the scores immediately 
preceding the ringing of a bell was 1.1 
with a standard error of 0.47. The 
difference between the average scores 
of throws not ringing a bell or not 
immediately preceding or following 
the ringing of a bell, and the average of 
scores immediately following the ring- 
ing of a bell was 1.7 with a standard er- 
ror of 0.41. Both obtained differences 
are large in relation to their standard 
errors and are probably not chance 
differences. 

There is evidence, then, that the 
throw striking a bell was affected by 
the throws immediately preceding it 
and in turn influenced the throw 
immediately following it. The throw 
ringing the bell was probably affected 
by the practice preceding it and espe- 
cially by the practice on the throw 
immediately preceding. In like man- 
ner the throw ringing the bell probably 
had its greatest carry-over to the throw 
immediately following. This may 
have been due partly to the factor of 





Hicks: Motor Skill in Young Children 


motivation which would probably 
function best immediately after throws 
which either hit the bell or came very 
close to it. 


Manner of throwing 


Children differed strikingly in their 
styles of throwing. Each child also 
often varied his style in various ways. 
Some of the variations were as follows: 
hand used; manner of holding ball; 
movement of parts of the body such 
as the hands, arms, shoulders, trunk, 
legs and feet; force of throw; position 
of the child. 

In both the practice and control 
groups 96 per cent of all throws were 
with the right hand. A few children 
of all ages occasionally threw with the 
left hand but no child threw exclusively 
in this way. One boy in the three- 
year-old practice group and one girl in 
the five-year-old control group were 
the only children who made at least 
half of their throws with the left hand. 

Records were kept whether throws 
were overhand, underhand, toss, or 
miscellaneous. A throw was con- 
sidered overhand if the hand was 
brought forward above a plane hori- 
zontal with the elbow; below this 
plane, it was considered an under- 
handed throw unless the arm was not 
bent in delivering the ball, which 
was considered a toss. Miscellaneous 
throws included peculiar styles of 
delivery such as pushing the ball from 
the waist with both hands and throw- 
ing from the waist outward. The per 
cent of the various styles of throwing 
for the practice and control groups 
combined was as follows: 





MISCELLANE- 


OVERHAND 
ous 


a 
3 


é 


6.6 
0.5 





34 88.8 
26 |1820)87.1 











ali Beadle: 
ola 


60 88.0 4.0 




















It is seen that 88 per cent of the 
throwing was overhanded. 


Relation to intelligence 


The correlation of the scores on the 
initial test on the moving target with 
mental age for 59 children ages three 
to six was .56 +.09. When chrono- 
logical age was partialed out the 
correlation was reduced to .05 +.09. 
Apparently skill in throwing at the 
moving target had little relation to 
intelligence as measured by tests. 


SUMMARY 


The purpose of this investigation was 
to study some aspects of the develop- 
ment of motor coordination in young 
children. The objective was to dis- 
cover the effects of systematic well 
motivated practice upon the ability of 
young children to hit a moving target 
with a ball. Two groups of children 
of 30 each, ages two and one-half 
years to six and one-half years, were 
equated upon the basis of their initial 
performance on a moving target test. 
The practice group repeated the test 
once a week for eight weeks. At the 
end of this period the practice and 
control groups repeated the test twice 
on successive weeks. Three other 
motor tests were given, once at the 
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beginning and again at the end of the 
experiment. 

From an analysis of the data for 
composite groups on the moving target 
test, the following are some of the 
more pertinent results: 

1. Both the practice and the control 
groups made gains in average scores 
from the initial to the final tests. The 
gain of the practice group was larger 
than the control group but the differ- 
ence in gains was not statistically 
significant. 

2. In the practice group 17 children 
gained and 13 lost in scores from the 
initial to the final test. In the control 
group 16 gained, 13 lost and 1 did not 
change. 

3. The boys made larger average 
scores than the girls in the different 
age groups. 

4. Younger children made lower aver- 
age scores on the test but made larger 
gains from the initial to the final test. 

5. The variability of the scores of 
both the practice and the control 
groups decreased greatly from the 
initial to the final tests. 

6. There was evidence of practice 
effects within each test period as the 
average of the last five throws was 
higher than the average of the first 
five in the series of 10 throws. 

7. Both the practice and control 
groups tended to correct their throws 
when they were too low but not when 
they were too far to the left. 

8. Practice did not affect the dis- 
tance the children allowed the target 
to move before throwing. 

9. The averages of scores on throws 
immediately preceding or following a 
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throw which rang a bell were higher 
than the average of the scores for other 
throws in the series. 

10. Ninety-six per cent of all throws 
were with the right hand. 

11. Eighty-eight per cent of all 
throws were overhanded. 

12. The correlation of the initial 
scores and mental age, with chronologi- 
cal age partialed out, was .05 +.09. 

Two comparable groups of children 
increased in skill in hitting a moving 
target with a ball over a period of three 
months. However, the group which 
was given specific practice throughout 
this period of time did not improve 
significantly more than the group 
which was not given practice other 
than on the initial and final tests. 
These results indicate that the improve- 
ment in skill did not result primarily 
from specific practice but from other 
factors such as structural maturation 
and general practice which had a 
direct bearing on the specific skill. 

No attempt was made to differen- 
tiate the relative effects of each of the 
factors other than specific practice on 
the increase in skill. However, in the 
present tendency to emphasize the réle 
of structural maturation in learning 
we should not overlook the importance 
of practice on the relatively simpler 
skills which are utilized in performing 
a complex skill. The children em- 
ployed in this study practiced many 
coordinations of body, eye, arm, hand 
and leg movements in their ordinary 
daily activities which were utilized in 
the complex skill of hitting the moving 
target. 
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The Galvanic Skin Reflex in Infancy 


Harowp Euis Jonss 


Peiper (2), the galvanic skin 

reflex in human infants is unde- 
veloped until the age of about twelve 
months. Its absence in early infancy 
cannot be due to immaturity in the 
effectors, for the cutaneous organs con- 
cerned in the reflex are apparently an- 
atomically and functionally well de- 
veloped. Nor can it be assigned to a 
deficiency in the receptors nor in the 
centripetal pathways, for skeletal mus- 
cle reactions can be elicited by the same 
stimuli which are ineffective in produc- 
ing a G.S.R. Peiper finds his results 
consonant with the theory of vagus 
dominance in infants, and concludes 
that the reflex arcs concerned in the 
G.S.R. are incomplete either centrally 
or in the efferent thoracico-lumbar 
pathway. 

Results! obtained by the writer 
with each of 8 infants, three to eleven 
months of age, are at variance with 
those reported by Peiper, and appear 
to demand a reconsideration of his 
theory. The galvanometer used in 
the present experiment was a simple 
moving coil instrument (D’Arsonval, 
manufactured by E. Roger, Paris) with 
a Wechsler (6) circuit. The galvano- 
meter was connected across a Wheat- 
stone Bridge, the subject and a millia- 
meter being in series in the fourth arm 
of the Bridge. With infants it is of 


1 An investigation made at the Institute 
of child Welfare, University of California. 


Rom G to investigations by 


course impossible to use cup electrodes, 
and as a substitute a bandage type of 
electrode was employed, consisting of 
two pieces of silver foil, 2 cm. square, 
which were soldered to the wires lead- 
ing from the fourth arm of the Wheat- 
stone Bridge. In order to prevent 
battery action at the solder junctions, 
these were covered by a flexible and 
moisture-proof wax preparation. The 
foil electrodes were sewn into pockets 
of soft fabric, covered with kaolin and 
saturated with normal saline; the 
moist clay forms a paste which adheres 
to the skin, and avoids resistance 
fluctuations from changes in the skin 
contact. 

The usual procedure was to bring 
the child into the laboratory at 8:00 
a.m., which proved to be the most 
favorable time for observation in in- 
fants of this age; usable records, how- 
ever, were also obtained in the later 
morning and in mid-afternoon. The 
electrodes were attached to the right 
foot, one to the sole under the instep 
and the other to the calf of the leg. 
The child was placed in a comfortable 
position on a couch, out of sight of the 
experimenter and of the apparatus em- 
ployed to produce stimuli and to 
record responses. A reflection system 
focused a beam of light from the gal- 
vanometer mirror upon a zero position 
on a kymograph (fig. 1). Current was 
now passed through the potentiometer 
until a standard reading of 0.1 milliam- 
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peres was obtained on the milliameter 
in series with the subject; a deflection 
of the light occurred, of course, at the 
same time. The Wheatstone Bridge 
was adjusted to bring the deflection 


107 


auditory, thermal, and electro-tactual 
stimuli, their duration and intensity 
being controlled by a system of switches 
and rheostats. The recording drum 
consisted. of a continuous roll kymo- 


Fig. 1 
A, galvanometer housing; B, light tube; C, stationary mirror; D, kymograph; £, 


Wheatstone Bridge; F, potentiometer; G 
supplementary rheostat for Bridge. 


back to zero, and the subject’s initial 
resistance could then be read from the 


dials. For the remainder of the ex- 
periment, the milliameter reading was 
maintained as constant as possible at 
05 m.a. A standard schedule of 
stimuli was used, including visual, 


’ 


milliameter, H, stimulus control box; /, 


graph, calibrated for seconds, and 
moving at a constant rate of six inches 
a minute. The resistance line was 
traced by hand instead of photographic- 
ally, although in some cases photo- 
graphic records were also obtained. 
The manual method has the advantage 
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of keeping the experimenter closely in 
touch with the subject’s reactions, and 
makes it possible to note down ac- 
cessory records, in symbol form, at the 
appropriate places beside the resist- 
ance line. In the case of responses 
which have such a slow latent time as 
the G.S.R. (one and one-half to three 
or more seconds) even an untrained 
person finds no difficulty in accurately 
following the resistance line. In order 
that the infant’s overt behavior might 
be compared with the galvanometric 
data, a second observer took a detailed 
record of bodily movements, changes in 
facial expression, flushing, overt respir- 
atory changes, and vocalizations. 
Records were obtained for 60 experi- 
mental periods of about thirty minutes 
each. In the case of 1 infant, repeated 
observations were made each week 
from her sixth to her ninth month. 
No difficulty was found in obtaining 
galvanic responses from infants even 
as young as three months. The most 
effective torm of stimulation was 
electro-tactual, through electrodes at- 
tached to the arm or the left leg. In 
administering the current an attempt 
was made to adjust the intensity 
(through a rheostat introduced into 
the secondary circuit of a Porter in- 
ductorium) so that it would be strong 
enough to produce a G.S.R., but too 
weak to result in erying or overt move- 
ments. This differentiation proved 
to be readily possible, although with 
some subjects it was necessary to guard 
against summative effects of stimula- 
tion. Next to mild pain stimuli, the 
most effective agents were loud sounds. 
All of the subjects showed a marked 
response upon the first presentation 
of a bell, buzzer or loud clang. Their 
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overt reactions, however, were less 
consistent, and in several cases bodily 
startle reactions to loud sounds were 
never shown except when the infant 
was falling asleep. G.S.R.’s were ob- 
tained to the removal of the bottle 
when nursing, and to situations in- 
volving a sudden withdrawal of sup- 
port. They were never elicited by 
visual stimuli (except after condition- 
ing) (1), by conditions involving relief, 
nor by any forms of stimulation which 
would ordinarily be described as 
‘‘pleasant.”’ 

In comparing the results from in- 
fants with those obtained for 45 adults 
and for 40 nursery school children,? 
under similar instrumental and stimu- 
lation conditions, the following points 
may be noted: 

1. In its basie characteristics, the 
G.S.R. is similar to that found in older 
subjects. This applies to the pheno- 
mena of (a) latency (typically from 
two to three seconds) (b) the para- 
meter of deflection (fig. 2) (c) specific 
negative adaptation (except for defin- 
itely nocive stimuli), and (d) specific 
recovery after an interval. 

2. The incidental phenomena are 
similar: (a) the curve of rest (a stabil- 
ization process at the beginning of the 
experiment, involving usually a steady 
reduction in resistance (5), (b) the 
Vorausschlugphiinomen (5) (an initial 
small reverse deflection sometimes 
occurring with intense stimuli) (c) 
the occurrence of spontaneous or 
secondary responses after intense 
stimulation (““Doppelschwankungen’’) 


* The results for the nursery school chil- 
dren are in process of preparation. The 
data for adults have been reported, in part 


(7). 
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and (d) characteristic resistance 
changes in respiratory reactions, as in 
sighing. An inverse relationship was 
shown to overt movement; stimuli 
which produced an inhibition of arm- 
leg movements frequently gave a 
marked G.S.R., while stimuli of an 
intensity to produce crying or thrash- 
ing movements were often followed 
by a diminution or extinction of the 
G.8.R. This is in essential agreement 
with results for adults, reported by 
Prideaux (3). In certain cases, spur- 
ious resistance changes were some- 
times effected by pressing the foot on 
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is in disagreement with Richter’s (4) 
report to the effect that a rise in re- 
sistance occurs in adults during sleep; 
the disagreement probably cannot be 
accounted for in terms of the points of 
attachment of the electrodes. On 8 
different occasions characteristic psy- 
chogalvanic responses (to sounds) 
were obtained during sleep; these were 
usually, but not always, of a diminished 
magnitude. 

5. As in adults, the most effective 
stimuli are those which involve “‘star- 
tle,” or “frustration,” and which are 
commonly regarded as associated with 
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the bed or against the other foot and 
thus altering the electrode contact. 
Deflections due to this cause could 
readily be recognized, not only through 
their concomitance with activity, but 
also through their abruptness and 
rapidity. In rare cases it became 
necessary to immobilize the leg by 
holding it just below the knee. 

3. The initial resistance tends to be 
lower in infants than in adults. Only 
about 5 per cent of the adults showed 
resistances as low as 8000-10000 
ohms, which was average for the in- 
fants. 

4. No change in resistance was noted 
in relation to sleep or waking. This 
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the emotional states of fear and anger. 
For these stimuli, the intensity thresh- 
old is higher than is usually found for 
adults. It is possible that Peiper’s 
failure to obtain the G.S.R. in infants 
was due to the use of stimuli of too 
weak intensity; his record of procedure 
is too meager to permit judgment on 
this point. Correlated with the fact 
of high threshold, is the fact that the 
magritude of deflection tends to be 
smaller than under similar conditions 
with adults. 

These results unquestionably dem- 
onstrate the functional completeness 
of the arcs involved in the galvanic 
skin reflex, at least as early as three 
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months of age. The fact that the 
G.S.R. in infants is smaller and less 
easily aroused than in older children, 
can no doubt be explained in terms of 
the relationship between overt and 
visceral expression. If this relation- 
ship were always positive, our instru- 
mental records would show an increase 
in visceral activity accompanying the 
more external signs of disturbance. In 
so far as the galvanometer, however, 
may be taken as indicating visceral 
changes, our evidence points in another 
direction. Children who are the most 


ready to cry are frequently the least 
reactive on the galvanometer; in such 
subjects, when G.S.R.’s do occur, they 
may be diminished or eliminated by an 
intensification of the stimuli, with 
resulting crying or bodily movement. 
The quick transition in emotional tone, 
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so often exhibited in young children, 
is probably a further indication of the 
“surface” character of their emotions, 
and of a lack of persisting visceral re- 
inforcement. In older children the 
increase of inhibition and of apparent 
emotional control may imply (with 
reference to certain stimuli) merely a 
shift trom outer to inner patterns of 
response. When a direct outward 
release is blocked, the condition of the 
organism appears to be favorable to 
a heightened visceral discharge, one 
expression of which is provided by the 
galvanic reflex. Thus the character- 
istic features of “infantile’’ emotional 
behavior may be related to the stage 
of development of those mechanisms 
which are concerned in determining 
the proportions of somatic and of 
visceral discharge. 
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The Orientation of Plane Figures as a 
Factor in Their Perception by Children 


CHARLOTTE RicE 


HISTORICAL 


F ONE were to limit a review of the 
I field of perception to material 

which concerns the specific 
problem in hand, i.e., the orientation 
of plane figures as a factor in their 
perception by young children, practi- 
cally nothing would be cited except the 
following general statement made by 
Stern in describing the reaction of his 
own children to pictures: 


It has often been observed that it seems 
to make little difference to small children 
whether a picture is put before them right 


way up or upside down. . . . The older 
the child, the less of this indifference to the 
position of the picture; and in any case it 
varies very much with individuals, for there 
are children in whom it has not been ob- 
served at all. (19) 


He cites careful observations of this 
indifference in his own children at the 
ages of one year seven and one-half 
months and three years five months, 
and explains the recognition and pro- 
duction of pictures upside down by the 
supposition that the idea of form and 
the idea of position are two distinct 
psychic functions, the second of which 
is only developed by a somewhat slow 
process of learning. To this report 
may be added the proverbial surprise 
of parents upon discovering that a 
child’s enjoyment and comprehension 
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of a picture is in no way altered by the 
position in which he sees it. 

But such data merely serve to indi- 
cate the existence, without limiting the 
ages, of a period in the life of the child 
when the position of a picture in no 
way affects his attitude toward it, 
followed by a period in which the 
orientation, when normal, helps, and 
when abnormal, hinders the compre- 
hension and appreciation of the ma- 
terial presented to vision. Such a 
limitation was the purpose of the ex- 
periment here presented. 

The three fields of imitative draw- 
ing, of recognition of similar forms, 
and of color and form preference in 
perception encroach so closely upon 
this one, however, that a preliminary 
review of the work done in them will 
be of sufficient interest to be worth 
while. Also more general deductions 
concerning the development of visual 
perception in children are constantly 
being made in other connections, such 
as the conclusion by Oppenheim (18) 
that a child comes to associate visual 
impressions with the proper relations 
of the object in space only in the most 
gradual way, and that this difficulty 
together with a limited power of accu- 
rate observation is bound to make his 
reports of events unreliable. Cra- 
maussel (4), in evaluating reports from 
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children three to six and one-half 
years of age concerning what they see 
on a postage stamp, concludes that as 
age advances, the specific takes the 
place of the vague and general in the 
response, confusion gives place to well’ 
defined limits, and enumeration gives 
way first to description and then to 
analysis. Such generalizations reflect 
the obvious fact that the development 
of perception is a gradual process, 
without limiting the steps involved. 
For the latter we must turn to the 
more specific experimental work. 

The responses in imitative drawing 
are peculiarly limited. Always the 
child tends to draw what he knows 
rather than what he sees. For spon- 


taneous drawing this is quite satis- 
factory, because he is under no obliga- 
tion to finish the picture he starts. 
But for imitative drawing, which is 
rarely attempted at early ages except 
under experimental conditions, this 


tendency and the child’s ready sug- 
gestibility make it difficult for him to 
persist in the task until it is completed, 
and frequently failure to copy even 
simple forms may go with a consider- 
able degree of creative ability in 
spontaneous drawing. 

In 1911, Van Gennep (22) reported 
unrecognizable attempts on the part 
of his 5 year old daughter to copy 
outline drawings of simple objects and 
printed letters. The pictures, having 
more meaning to the child, were more 
like the copies than the letters, though 
the latter were simpler of execution. 

Huth (11), in 1914, experimenting 
with 37 kindergarten pupils averaging 
four and one-half years of age, to see 
whether they were ready to receive 
instruction in writing, concluded that 
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children of this age show little ability 
to copy meaningless combinations of 
lines. Work of more recent date on a 
comparable group of subjects was done 
by Gates and Taylor (8) in 1923, and 
Hertzberg (10) in 1926, on methods of 
teaching beginners to write. In these 
studies it was found that the method 
of copying directly from the model was 
both harder to learn and less interest- 
ing to the child than any of the various 
methods of trating used. 

Another section of this field is that 
of mirror writing, an anomaly which 
had been associated up until about 
1902 almost entirely with cases of 
mental disorder or paralysis affecting 
normal motor coédrdination. But in 
1909, Stern (20) reported mirror 
drawing and writing as a natural 
phenomenon in young children espe- 
cially in imitative drawing. When, 
according to Stern, at four years, 
children begin to outgrow scrawling 
and make real forms, there appears, 
at first, little perception of position. 
The frequent easy use of the left hand 
at this period is often accompanied 
by mirror writing, and the tendency 
to watch the progress of an older 
brother or sister from across the writ- 
ing table, and to imitate the observed 
motions, is a very frequent source of 
the development of reversed writing 
and drawing. E. Sz. at five years, 
copied from his brother in this manner, 
using his left hand, and learned his 
letters so well that he could write 
anything that was spelled to him. 
Later, he began suddenly and appar- 
ently without external urging to form 
his letters in the normal positions and 
order, still using his left hand, and 
finally, just as spontaneously, and 
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before he had reached the age of seven, 
he shifted from the left to the right 
hand, still maintaining the normal 
position and order of the letters. 
Stern cites similar cases, reported by 
Ballet, Degallier, Kerschensteiner, 
Maurer and Albien. 

Two instances of a strikingly similar 
nature occurred in the Child Institute 
of the Johns Hopkins University last 
year. In one case, both the right and 
left hand were used in drawing, and 
the motions in the left hand were 
nothing less than a right to left re- 
versal of those in the right. In the 
other case, the right hand alone was 
used, but many of the letters were 
formed backwards. In neither case 
did the child see anything exceptional 
in his result. Indeed, many adults 


who have not been trained to care in 
writing and printing show reversals 
of this nature,—as a hasty survey of 
“no trespassing” signs in any rural 


section of the country will show. 

In 1913, Paula Meyer (17), in 
various experiments, under different 
conditions, but all designed to show a 
comparison between the child and 
the adult in the ability to reproduce 
figures from memory, found a consist- 
ent tendency for a certain percentage 
of reversal and inversion. The chil- 
dren used in the experiments were 
seven years old or older, and they 
showed a 51 per cent tendency to 
neglect orientation, as against a 39 
per cent tendency on the part of the 
adults. 

On the abnormal side, Downey (6) 
describes a case in which mirror writ- 
ing, persisting into adult life was asso- 
ciated with general motor disorienta- 
tion, and Hornig (7) finds dislocations 
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in writing and drawing combined with 
speech defects in elementary school 
children. Other cases in which the 
phenomenon is found along with 
pathological conditions are described 
by Abt (1) and Laprade (16). 

It is evident from the above that 
orientation of the figure or letter seems 
to mean very little to a child who is 
jus,; beginning to imitate in his drawing 
anu writing. Whether a similar con- 
dition occurs generally with reference 
to a child’s comparison of objects with 
regard to their similarity or difference, 
will be brought out, it is hoped, by the 
present experiment. 

In the field of recognition of similar 
forms, much seems to depend at the 
outset on the child’s ability to compre- 
hend the significance of the terms 
“like” and “different.’”’ The results 
of an experiment by Jones (12) in 1925 
seem to indicate that in general the 
judgment of difference develops sooner 
than that of similarity. In dealing 
with geometrical forms or familiar 
outline figures, the complication of 
language development is to a large 
extent removed, but the importance of 
the comprehension of these two terms 
remains. 

In 1913, Koch (14) employing a 
simplified form of Gruenbaum’s (9) 
method found that the performance 
scores for the recognition of like ele- 
ments in two figures increase from 22 
per cent perfect to 64 per cent perfect 
among the boys from the first grade 
to the eighth, and from 25 per cent 
perfect to 63 per cent perfect among 
the girls, about 60 per cent of this gain 
occurring during the first four grades. 
When the recognition and localization 
of the unlike figures is included, the 
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girls reach in each grade, only about 
two-thirds the ability of the boys. In 
1920, von Kuenburg (15) extended this 
work to children between the ages of 
three years six months and six years 
six months. Her figures substantiate 
those of Koch to a large extent. 

In 1913 and 1914, in experiments 
devised to demonstrate the relative 
preference for form or color in match- 
ing figures, Katz (13) and Descoudres 
(5), conluded that the perception of 
form develops later than that of color. 
But when Buehler (3) and von Kuen- 
burg (15) altered the conditions of the 
problem to include the processes of 
building with blocks, or fitting covers 
on boxes, they found that the choice 
according to form was preferred. 

In 1927, Tobie (21) concluded from 
a combination and revision of these 
experiments that up to the age of three 
years, eight months, there appears a 
phase of early development in which 
the reaction to form or color is depend- 
ent not on the central conditioning, but 
on the intensity and vividness of the 
factors themselves. Above this, the 
child is conditioned on constitutional 
grounds to prefer color, gradually 
shifting over to form preference at 
about five years. 

In 1929, Brian and Goodenough (2), 
repeating and modifying the Descou- 
dres experiment, found form prefer- 
ence at all times up to the age of eight 
years except between the ages of three 
and six years, when color gradually rose 
to a peak and subsided again. 

From the above it is evident that 
the development of form perception is 
gradually beginning to appear signifi- 
cant about the age of five years. While 
none of the experimenters have defined 
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the term perception—many of them 
avoiding it completely—there seems 
to be a general consensus of opinion 
that it refers to a certain type of reac- 
tion to sensory stimuli distinguished 
by a more or less well developed 
ability to discriminate—perception 
and discrimination growing in a par- 
allel course. It is in such a sense that 
the term will be used in the material 
here presented. 

It was in the course of a test for the 
discriminatory recognition of the dia- 
mond among a number of similar and 
dissimilar geometrical figures that the 
the unexpected fact was disclosed that 
the two oldest children of the group 
refused to accept as the same, two 
figures which were identical except for 
their orientation in place on the page— 
the long axis of one diamond being 
horizontal, and of the other being 
vertical. No such refusal, or even 
hesitation was noticed on the part of 
any other child in the group. 

Since the two children in question 
were at the very top of the age range of 
the group, being five years and one 
month and five years and three months 
respectively, it was logical to surmise 
that they might well be on the lower 
limit of an age range in which the 
orientation of a figure entered as a 
positive factor in its recognition and 
hence in its perception. Further pre- 
liminary study on another kindergar- 
ten group the same year, in which the 
age range was nearly identical, led to 
corroboration of the previous data. 
The demand for a test which would 
determine the possible existence and 
limits of such an age range was obvious, 
and so was developed the final form 
of the experiment herein to be de- 
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scribed, as a test by which to deter- 
mine, if possible, the age when a child 
either will, negatively, refuse to recog- 
nize “sameness” in two figures which 
are identical, but not in the same posi- 
tion on the page, or will, positively, 
indicate by some word or action that 
they would be the same if one or the 
other were turned part way around. 


DESCRIPTION OF EXPERIMENT 


A problem in visual perception is 
almost bound to encroach somewhat 
upon kinaesthetic perception, not only 
because of the eye movements accom- 
panying most acts of observation, but 
also, in the matter of certain grosser 
movements of different parts of the 
body—noticeably the hands. The 
latter is especially true when the aim 
of the perception is later recognition 
or reproduction. For this reason it 
was decided to combine with the test 


of form perception 2 other types of 
test; one, a test of the development of 
motor control in handling a pencil, and 
the other a test presumably of the 
ability to combine motor control and 
perception in the copying of a simple 


line figure. By showing the relation 
between the degree of development of 
the perception of form and the ability 
to copy a figure on the one hand, and 
motor ability and the ability to copy 
a figure on the other, it was hoped 
incidentally to throw some light on the 
general question of the relative im- 
portance of training in perception and 
in motor control for:the accurate 
pictorial representation of form. 
The complete test consists of an 
array of 5 individual tests, 2 forms of 
the copying test, 2 of the perception 
test, and 1 of the motor control test, 
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which are given in two test periods 
two weeks apart in timé.. During the 
first test period the child As-presented 
with 3 of the 5 tests, 2 of the cdpying 
tests and 1 of the perception tests. 
Two weeks later, during the second 
test period, the child is presented with 
the other 2 tests, the second percep- 
tion test and the test of motor control. 
A detailed account of the form of the 
tests and the experimental procedure 
follows. 


Copying Test: Drawing of Diamond 
from Visible Model 


The materials for this test consist of 
a single white card 4 by 5 inches, on 
which is a black ink drawing of a 
diamond 2? inches (long axis) by 1} 
inches (short axis) (fig. 1, a). This 
card serves as a model in both the 
copying tests and in the tests of form 
perception. Slips of paper torn from 
pads 3 by 5 inches seem to furnish the 
most convenient form for maintaining 
the record of performance. The child 
is seated comfortably across the table 
from the experimenter and is shown 
the model card in the horizontal posi- 
tion with the instruction: ‘Do you 
see this (pointing to drawing, but 
being careful not to trace)? See 
what a nice picture you can draw for 
me that will look just like this.” At 
the same time he is presented with a 
slip of paper, also in the horizontal 
position, and a pencil. Time is taken 
with a stop watch from the moment he 
begins to draw until the pencil is lifted 
after the last line. No matter what 
the result of the attempt, praise is 
given in the simple form ‘“That’s 
fine.”’ When the child has finished, 
the experimenter takes the copy and 
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records on the same slip the time taken 
for the drawing. In cases where the 
production is a mere scribble, the time 
is taken between the beginning of 
drawing, and the first pause in opera- 
tions or wandering of attention suffi- 
cient for the examiner to terminate 
matters with “That’s fine” without 
appearing to interrupt an apparently 
well unified activity. This same pro- 
cedure is then applied, with the model 
and paper both presented in the verti- 
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(pointing again to the model).” If 
the child says he can’t, he is encouraged 
to try as hard as he can anyway by 
some such admonition as: “Oh, but 
everybody tries,” or “But try just the 
best you can, anyway.” 


Test of Discriminative Perception: Per- 
ception of Diamonds—V ertical 
and Horizontal Presentation 

The materials for this test consist 
of the model card described in the 




















a. Perception of Diamond Test 





b. Perception of Spoon Test 


Fig. 1. Mopret Carbs 


cal position. Occasionally, if the 
second copy is better than the first, 
the form of praise is changed to “‘That’s 
the best one yet.” Frequently it is 
found that when the child starts to 
draw, especially in the cases of the 
younger ones, the lines suggest 
something other than the form he has 
been told to copy, and he announces 
that he will make you such-and-such 
a thing. The instructions are then 
repeated: ‘But make something that 
looks just as much like this as you can 


copying test, and 4 cards 8} by 11 
inches, each containing a variety of 
figures arranged as in figures 2 to 5 
inclusive. 

The diamond model is placed in 
front of the subject in the vertical 
position, and the following directions 
are given: “Now, I have a card here 
with some pictures on it, and one of 
them looks just like this (pointing to 
the model). I want you to see how 
quickly you can put your finger on 
a picture on this card (pointing to 
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the card) which looks just like this 
(pointing again to the model.)” Then 
while laying the first card in front of 
the subject—“Where is one that looks 
just like it?’ The stop watch is 
started at the moment the card is 
placed in front of the subject, and is 
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points again, saying something such as 
“No, this.” In such a case, the fact is 
recorded but no change is made in the 
time. If an incorrect figure is pointed 


to without change, the record is 
made of the figure pointed to. 
Before the second card is shown, +he 














Fic. 2. Perception oF Diamonp Test—Carp 1 


stopped the minute the finger comes 
to rest on the first figure indicated. 
No matter what figure is pointed to, 
the examiner’s response is simply, 
“All right.” Occasionally, the child 
realizes immediately that the figure 
pointed to is not the correct one and 


model is turned through an angle of 
90 degrees, so that the diamond is 
shown in the horizontal position in- 
stead of the vertical, to coincide with 
the position of the diamond on the 
second card. This is done without 
comment, and in the least noticeable 
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manner possible. Then the second this (pointing again to the model and 


card is shown, with the directions, “I taking care that the child’s attention 
have another card here with some is directed to it before the card is 


ara 
— oe 

















n> (as 


Pe 























Fig. 3. Percerz1on or DiamMonp Trest—Carp 2 


pictures on it. See how quickly you shown).)” It is found imperative to 
can find a picture on this card (point- exercise great care in giving the direc- 
ing to the card) which looks just like tions for the second card so that the 
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inflection of the voice on the final 
“this” should not betray by a rising 
inflection that the model was in any 
way different in form or position from 
the model as used for the first card. 
As in the first case, no matter what the 
response of the child, the experimenter 
accepts it with the assurance “All 
right.” 

Before the third card is shown, no 
change is made in the position of the 
model. In spite of the fact that the 
diamonds on the third card are in the 
vertical position, the model is left in 
the horizontal. The directions here 
are the same as for the second card, 
care being again exercised that the 
child’s attention is drawn to the 
model before the card is shown, and 
that the experimenter’s voice shall 
give no hint of the fact that there is 
any discrepancy between the position 
of the model and the diamonds on the 

_eard. If the child states that there is 
no figure on the card like the model, 
or if at the end of 45 seconds he has 
made no response but shows by his 
actions he is still searching, the model 
is turned into the vertical position by 
the experimenter with the question 
“Now can you find one?” Whatever 
the response of the child, the experi- 
menter’s response remains unchanged, 
“All right.” Finally, with the model 
still in the horizontal position, the 
fourth card—which differs from the 
third only in the fact that half of the 
diamonds have been turned through an 
angle of 90 degrees—is shown with 
the same directions and the same care 
for details. Again, whatever the re- 
sponse of the child to the card, the 
experimenter accepts it as in the case 
of the others. On the fourth card, 
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after the initial choice, the child is 
asked to point to all the figures he can 
find which are just like the model. No 
time is taken for this, and the purpose 
of the request is to determine whether 
the child is choosing one position con- 
sistently, or is pointing merely to the 
first one in either position which looks 
to him like the model. 

A record is made of the time and 
correctness of each response, together 
with a memorandum of the figures 
substituted in incorrect responses, and 
a detailed account of the responses in 
work or action to the third and fourth 
cards. 


Copying Test: Drawing of Diamond 
from Memory of Model 

The material for this test is the same 

as that for the first copying test. The 

child is shown the model in the hori- 

zontal position for 10 seconds, and 


while he is looking, the following 
directions are given by the experi- 
menter: “I want you to keep looking 
at this until I take it away. Soon I’m 
going to take it away and hide it, and 
then I want you to draw me a picture 


that looks just like it.”’ If the child’s 
attention tends to wander from the 
model while the experimenter is talk- 
ing, the admonition is given to keep 
looking at the picture all the while. 
At the end of 10 seconds the model is 
taken away and turned over on the 
table, face down, while the experi- 
menter says, ‘“Now, I’m going to take 
it away and hide it, like this.” Then, 
while placing before the child a slip of 
paper in the horizontal position, and 
giving him a pencil, the experimenter 
says, “Now, see what a nice picture 
you can draw me that looks just like 
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the one you have been looking at.” If 
the child insists that he can’t, he_is 
urged to “Try anyway.” No matter 
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peated, with the model and the paper 
in the vertical position instead of the 
horizontal. 




















Fig. 6. PERcEPTION oF Spoon Test—Carp 1 


what the result of the attempt, praise 
is given in the simple form, “That’s 
fine.” Occasionally during this test, 
a child questions the examiner as to 
which position of the diamond should 
be drawn. In each case a non-com- 
mittal answer is given such as “Draw 
it just as you saw it on the card.” 
The record is taken of the time for 
drawing. Then the experiment is re- 


Test of Discriminative Perception: Per- 
ception of Spoons—Vertical 
and Horizontal Position 


The second discriminative choice 
test was devised with the idea in mind 
that a child’s response to the test 
might be materially altered by the 
degree of familiarity of the objects 
figured. The model in this test con- 
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sists of a spoon drawn to the same scale 
(approximately) as the model dia- 
mond (fig. 1b). The figures on the 
cards, instead of being geometrical 
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for this test are exactly the same as 
those for the test of discriminative per- 
ception in which the diamond served 
as the model. 














©) 


A) 7 











Fig. 7. Percertion or Sproon Test—Carp 2 


forms are of objects more or less famil- 
iar in the life of the child, as may be 
seen in figures 6 to 9 inclusive. The 
directions, procedure, and record taken 


Motor Test: Drawing Straight Line 
Between Two Dots 
The materials for this test consist 
of a pencil and 4 slips of paper about 
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Fig. 8. PERcEpTION oF Spoon Trest—Carp 3 


43 by 5% inches, on each of which are2 On the second and fourth slips, the 
dots 75 mm. apart. On the first and dots lie in a line slanting 30 degrees to 
third slips, the dots liein a line slanting the right of the vertical and 60 degrees 
30 degrees to the left of the vertical above the horizontal. 

and 60 degrees above the horizontal. The child is presented with a pencil 
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Fig. 9. PeRcEPTION oF Spoon Test—Carp 4 


and the first slip with the directions: to the dot nearest the child) to this 
“See these two dots? I want you to. dot here (pointing to the dot nearest 
see what a nice straight line you can theexperimenter). Begin here (point- 
draw me from this dot here (pointing ing again to the dot nearest the child).” 
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This last instruction checks a frequent 
tendency to begin drawing at the dot 
nearest the experimenter. 

Time is taken from the moment the 
child begins to draw until he takes his 
pencil from the paper. An arrow is 
used to indicate the direction in which 
the line is drawn, and the paper is 
numbered 1, so that any failure to 
carry out directions may be checked 
in the analysis. 

Three more slips of paper are given, 
numbered 2, 3, and 4 respectively, for 
which the directions, procedure, and 
record are the same except for the fact 
that the lines are to be drawn in 
different directions. On the second 
slip, with its 2 dots in a direction 30 
degrees slant to the right of the verti- 
cal, and 60 degrees above the hori- 
zontal, the line is to be drawn from 
the one nearest the child to the one 
nearest the experimenter, as in the 
first slip. The third slip is like the first 


in form, and the fourth slip is like the 
second, but in both cases, the lines are 
to be drawn from the dot nearest the 
experimenter to the dot nearest the 
child. 


SUBJECTS 


The subjects for the experiment con- 
sisted of 226 children between the ages 
of two years, seven months and nine 
years, three months secured from the 
Child Institutes at the Johns Hopkins 
University and the University of Minne- 
sota, and the kindergartens and first 
and second grades of two private 
schools in Baltimore, Maryland. A 
survey of occupational group and social 
class was unavailable, but in general 
the children came from homes of better 
class business and professional men. 
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Mental ages were available for only 
138 of the group, and so could not be 
used in the evaluation of the data. 
But the I. Q.’s for those for whom the 
figures were available ranged from 78 
to 158, with 15 cases below 100, and 
15 cases above 130, a median of 115.5 
and a mode of 116. 

The subjects may be first divided 
into 4 groups according to the type of 
data which could be collected for 
them. The standard group (8), of 
132 children, is composed of those for 
whom a complete set of data is avail- 
able, and for whom the second test 
period followed exactly two weeks after 
the first. For the delayed group (D) 
of 23 children, a complete set of data 
is available also, but for this group, 
the second test period was delayed 
anywhere from 1 to 10 days beyond 
the two week interval. The incom- 
plete group (I) of 36 children presents 
data for the first test period only. 
Finally, a preliminary group (P) of 
35 children presents data only for the 
first discriminatory perception test, 
and these data are in such form as to 
be comparable but not identical with 
the data furnished in this test by the 
other subjects. Though the procedure 
was the same, only 3 of the 4 cards were 
used, and the scoring, done on the basis 
of 3 responses, and any notes on the 
behavior of the child, allowed a con- 
siderable amount of error to enter 
into the score given. 

In general the unit of age employed 
was six months. From table 1 it will 
be seen that the greatest concentra- 
tion and most even distribution of cases 
fall in the age groups from four years 
to eight years, which period, under the 
conditions of the experiment contains 
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the critical point in the age scale. 
Below and above this period other 
factors enter to a large extent to con- 
fuse the data. The justification of 
the inclusion of these cases in certain 
uses of the material will be evident 
later. 
TABLE 1 

Age distributions according to subject groups 
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TREATMENT OF DATA 


With the material gathered and 
carefully recorded, the next step con- 
sists in devising methods of scoring 
by which it may be evaluated and 
compared. 

The diamonds are scored according 
to their excellency of form. A score 
of 1 is given when no attempt to make 
a copy is evident,—the usual response 
of children too young to understand 
the problem. A curved line enclosing 
a space is given a score of 2 points, 
and a score of 3 follows a reproduction 
of certain distinct characteristics of the 
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figure, such as straight line boundaries 
and angles. An inferior diamond with 
4 sides and 4 angles and a semblance 
of symmetry is given a score of 4, 
while a score of 5 follows good propor- 
tion and correct orientation (fig. 10). 

The child’s score for the diamond 
copying experiment is determined 
from the scores for the 4 separate 
diamonds as follows: (a) If three or 
four of the 4 scores are the same, the 
summation score is taken as the same 
as the identical scores. (6) If the 
scores are divided 2 and 2, the higher 
number is taken as the summation 
score. (c) If 2 of the scores fall on 1 
number, and the other scores are both 
odd, the summation score is consid- 
ered as the mean, calculated to the 
nearest whole number. In every case 
under this category the estimated 
score falls on one of the numbers in- 
cluded in the individual scores. These 
scores, though rough, are comparable 
to the more or less rough scores of the 
other tests. Over two-thirds of the 
scores fall under category a above, and 
another scant fifth fall under 6, so 
that in general these scores are quite 
representative of the ability of the 
subjects. A further use of the dia- 
mond copying scores is made by calcu- 
lating a summation score for the scores 
obtained when the copying was done 
with the model in sight, and one for the 
scores obtained from memory. 

On the perception tests a score of 0 is 
given for total failure on all 4 cards, a 
score of 1 if one form is discriminated, 
of 2 if two are discriminated, and 
of 3 if three are discriminated. A 
score of 4 is given for a correct dis- 
crimination of form regardless of its 
orientation on all 4 cards, and a score 
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of 5 is given for a correct discrimina- 
tion of form on all 4 cards, with an 
indication of the difference in orienta- 
tion on 1 of the last 2 cards. (It is 
interesting to note that in no case dur- 
ing the entire experiment was there a 
discrimination against the diamonds 
on card 4 which corresponded in posi- 


& =- Score 1 
b - Score 2 
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copying and motor tests respectively, 
the first 4 scores were grouped as 2. 
0 and 1 were grouped together as scores 
in which chance was the determining 
factor of choice, and 2 and 3 were 
grouped together as scores in which 
perception of similarities between 
forms was just beginning to appear. 


V 


d - Score 4 


Fig. 10. Samptes oF Scorines ror DiamMonpD Copyina TEST 


b - Score 2 


| ie 


Fig. 11. SampLes or ScorinGs ror Motor Trest sy DETERMINING AMOUNT OF DISTANCE 
GOVERNED WITHIN 2 MM. Rapivus or Direct Patu 


tion to the model.) Finally, a score 
of 6 is given for a correct discrimina- 
tion of form on all 4 cards, with an 
indication of the difference in orienta- 
tion on both of the last 2 cards. 

To make these scores comparable 
for correlation to the 5 scores of the 


c- ‘Wi 5 


In scoring the performances of the 
children on the motor test a scale was 
constructed from transparent celluloid 
which could be superimposed on the 
line drawn and so oriented that on it 
could be roughly measured the amount 
of deviation of the line from the direct 
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path between the 2 dots. Both the study of the development of motor 
motor test and the method of marking coérdination in young children By 


TABLE 2 TABLE 4 
Frequencies of scores for perception of 


‘ Frequencies of scores for drawing of diamonds 
diamonds 


—Combined scores for drawings from 
a model, and drawings from memory 
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TABLE 3 
Frequencies of scores for perception of spoons 





Frequencies of scores for motor test 
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it are modifications of the test used by «this scale, it may be determined what 
Miss Wellman (23) at Iowa, in her percentage of the distance between the 
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2 dots is covered within 2 mm. devia- 
tion from the direct course. A series 
of 5 scores is used. A score of 1 is 
given to a performance in which there 
is no attempt to fulfill the terms of the 
problem. A score of 2 is given to a 
performance in which less than 33 per 
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score of 5 is given to a performance in 
which 100 per cent of the distance is 
covered within the 2 mm. radius (fig. 
11). In determining a score for a 
particular child, the per cents for each 
of the 4 lines are added and the final 
score is calculated on the basis of one- 


TABLE 6 
Averages and ranges of time in seconds for responses in perception experiments 





DIAMOND TEST SPOON TEST 
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cent of the distance is covered within 
the 2 mm. radius. A score of 3 is 
given to a performance in which 
between 33 and 67 per cent of the dis- 
tance is covered within the 2 mm. 
radius, and a score of 4 is given to a 
performance in which between 67 and 
100 per cent of the distance is covered 
within the 2 mm. radius. Finally, a 


fourth of the summation values thus 
obtained. 

Such methods of scoring are rough, 
but the lack of standardization of the 
tests themselves would obviate finer 
treatment, and each test, as scored, 
indicates within itself, a consistent 
advance in performance ability from 
year to year (see tables 2, 3, 4, 5). 
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Experimentation in the handling of 
the data so as to give an accurate 
picture of what actually took place, 
demonstrated that, due to certain 
gaps in the data at the present time, a 
treatment of the data as actual fre- 
quencies rather than as per cents was 
much less confusing. For this reason, 
except in a few special cases which 
will be clearly stated, the actual fre- 
quencies are used as the working fig- 
ures throughout the treatment of the 
data. 


Time and correctness of response in the 
perception experiments 


A tabulation of the time averages 
and ranges is given in table 6 for both 
the perception experiments. From 
this, the following facts are evident: 
(1) In all the responses exclusive of 
those to the third and fourth cards in 
which orientation is differentiated 
there is a gradual increase in time 
required for the response from card to 
card for the first 3 cards, due to the 
increased complexity of the task. 
This is not true for the fourth card 
which is enough like the third to raake 
the effects of learning evident in the 
response. (2) The responses for the 
second experiment are shorter than 
those for the first, again probably 
showing the effects of learning. (3) 
The incorrect responses are longer for 
the same cards than the correct, with 
a few exceptions due to the low num- 
ber of incorrect cases as compared with 
the correct. (4) Finally, the extreme 
increase in the reaction times for card 
3 is apparently due to the weighting 
given by the responses in which orien- 
tation is differentiated. Such responses 
are lengthened by the fineness of the 
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differentiation required, and are fre- 
quently accompanied by hesitations 
and comments which show a recogni- 
tion of the reversed position of the 
figure, and which indicate that the 
response is to 2 similar figures in 
different positions, rather than to 2 
different figures. After the third re- 
action, the reaction to the fourth card 
becomes a relatively simple matter, 
as is indicated by the very much lower 
time average for this card than for the 
third. The third card, then requires 
the solution of a problem by the child, 
and the way the problem is solved 
seems to throw a good deal of light on 
the stage of development the percep- 
tual life of the child has reached at the 
time of the experiment. 


The factor of orientation as treated by 
the first perception experiment 


The point of primary interest in the 
experiment is the analysis of the dis- 
tribution of scores in the discriminatory 
perception tests, and of the bearing of 
the results on the question of orienta- 
tion of figures as a factor in their per- 
ception. For this analysis, the ma- 
terial in the 8, D, I, and P groups is 
used, for though the data in the last 
group have been collected under 
slightly different conditions, the age 
range of the group is such that, if its 
inclusion is justifiable at all, it will 
serve to add materially to the clear- 
ness of the frequency curves. It is 
felt that its inclusion is justifiable, 
moreover, because of the very slight 
change which occurs in the form of the 
frequency curves when these data are 
added. A study of the probabilities 
of curve fit showed that only in 1 
age group does the figure drop below 
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.8, and in this particular case, the 
accumulated frequency of the S, D, 
and I groups is increased 200 per cent 
by the addition of the P data. Con- 
sidering the small number of cases 
included, the probabilities are great 
enough to justify the addition of the 
data in the P group to those of the 
other three groups. 
The curves of this distribution of 
score frequencies plotted from the data 
of table 2 are shown in figures 12 and 
13. In figure 12, which shows the 
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other than the diamond. With one 
exception these occur below the age 
level of 3 years 4 months. The score 
of 1 has 4 possible forms. Of these, 3 
occur, and within the 5 cases, 3 of the 
correct responses fall on the first card, 
and 1 each on the second and third. 
It is somewhat doubtful whether such 
responses indicate anything more than 
chance successes. The predominance 
of successes on the first card may indi- 
cate that the perceptual ability is 
there but that the child has not yet 


ee ies 


— —. 
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curves for scores 0 to 3 inclusive, in 
spite of the still too scanty number of 
cases, the general tendency for each 
succeeding score to persist to a greater 
age than the one just below it is evi- 
dent, showing a gradual development 
of perception from a stage of no recog- 
nition to one of fairly accurate dis- 
crimination. A closer inspection of the 
various kinds of responses for which 
these scores stand is interesting in this 
connection. The 0 scores, obviously, 
are those in which all 4 responses (3 in 
the-case of the P data) are to figures 


0 score. 
1 score. 
2 score. 
= 3 score. 


developed a sufficient degree of con- 
centration to carry the problem in 
mind without distraction through the 
4responses. Atleast it rather obviates 
the possibii‘ty that the main cause for 
error is a lack of understanding by the 
subject of the problem in hand. The 
elements of chance success and lack 
of concentration seem to carry over 
into the 2 score. Here, in the total 
of 7 cases, 3 made correct responses to 
the first and third cards, 2 to the first 
and second cards and 1 each to the 
second and third and to the third and 
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fourth cards. For the score of 3 less 
variation is shown than would seem 
probable. Six of the 8 cases indicate 
correct responses for the first, third 
and fourth cards, and the other two for 
the second, third and fourth cards. 
The predominance of errors on the 
second card, and the form those errors 
take indicates that the low score is 


254 
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a lack of appreciation of the problem 
to which the response is to be made. 

A further analysis of the types of 
errors made in scores 0, 1, and 2 indi- 
cates an interesting course of develop- 
ment in discrimination. Of the 46 
possible responses included in the 0 
scores, 1 response was wholly negative, 
10 consisied in pointing to each figure 
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caused mainly by the fact that the 
child has not yet reached the age of 
critical discrimination of form. Four 
of the 6 errors on the second card consist 
in responses to triangles, and the other 
2 in responses to a truncated triangle 
and a rectangle respectively—all forms 
very similar to the diamond. The 2 
errors on the first card consist in re- 
sponses to the circles, and may indicate 


on the card in turn, 27 consisted in 
pointing to a circular figure (the circle 
on the first 2 cards and either the 
elipse or the wheel on the last), 3 to a 
rectangle, and one each to a curved- 
topped quadrilateral, a star, a hexa- 
gon, a pyramid of three bricks, and an 
irregular quadrilateral. The great pre- 
dominance of responses to the circular 
figures is interesting in connection with 
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the general contention that circles are 
the first recognizable drawings made 
by children, and probably the first 
plane figures recognized by them. 
The response of pointing to each figure 
on the card in turn is also indicative of 
a very early stage of the response and 
does not cecur except in the 0 score 
group. Among the cases scoring 1 
point the responses to circular figures 
still appear as the most frequent 
errors, and comprise 4 of the 13 pos- 
sible responses. After this, stars and 
rectangles occur twice each, and there 
are single responses each to the 
triangle, curved-topped quadrilateral, 
irregular quadrilateral, pyramid of 
bricks and bow. Here we find an in- 
crease in the proportion of angular 
figures. Whether or not we can say 
that the child is choosing them because 
they are more like the diamond is 
doubtful. But at least we are ap- 
proaching a broader field of recog- 
nition than that limited to the circular 
forms. This field broadens still far- 
ther in the cases in which 2 correct 
responses are given. Here, of the 9 
instances of error only 3 are circular 
figures, while 2 are triangles, and single 
cases occur of the rectangle, curved- 
topped quadrilateral, pyramid of 
bricks, and bow. Though there is 
here a lack of any particular emphasis 
on the circular figures, the figures 
chosen, as a whole, do not yet bear any 
striking resemblance to the diamond, 
as is true in the errors recorded in 
connection with the scores of 3. 
With this picture of the general 
perceptual development as a_back- 
ground, it is most interesting next to 
compare the curves for the next 4 
scores, all of which stand for perfect 
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discrimination of the diamond, but 
with different qualitative factors in- 
cluded. In figure 13, which shows 
the curves for scores 4 to 6 inclusive, 
an exceedingly interesting period of 
development is displayed. Appearing 
as early as three years in a few scatter- 
ing cases and rising rapidly to a climax 
between four and one-half and five 
years, the recognition of likeness be- 
tween the 2 figures, regardless of their 
orientation on the sheet—as repre- 
sented by a score of 4—begins to drop 
off in the face of the rising scores 5 and 
6. Indeed, scores 4 and 6 show a very 
beautiful opposition representative of 
the antagonism of the 2 responses im- 
plied. For the recognition of like- 
ness between 2 figures only when they 
are identically oriented—as_repre- 
sented by the score of 6—not only 
develops after the state represented 
by 4, but develops to its final exclusion. 
Score 5, on the other hand, represent- 
ing an apparent state of doubt on the 
part of the child between scores 4 and 
6, shows no peak between the peaks of 
these scores—a situation which might 
have been expected rather than the 
oneshown. In fact, the distribution of 
score 5 as it appears in the curves raises 
a strong question whether the jump 
from a score of 4 to a score of 6 is not 
a sudden one, with no intermediate 
step, and whether the score here 
represented by 5 may not represent 
an even greater mental development 
than that represented by 6. On the 
face of it the drop of the curve of score 
6 from a frequency of 23 at seven to 
seven and one-half years to a fre- 
quency of 16 at seven and one-half to 
eight years, and a coincident rise of 
score 5 from 3 to 5 during the same 
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time may be significant. Beyond 
eight years, the forms of the curves 
are not significant—a fact which was 
previously stated in the discussion of 
the choice of subjects. Whether the 
addition of more subjects in age 
ranges above these studied here would 
lead to a further drop in the curve of 
score 6 and a corresponding rise in the 
curve of score 5 will need further ex- 
perimentation to determine. If, as 
Dunlap has stated, in developing per- 
ception we are at the same time de- 
veloping thinking by laying in store 
elements later to be used in thinking, 
might not the state represented by 
score 5 be one in which a more com- 
prehensive integration of perceptual 
elements had been utilized, i.e., a state 
in which simplicity of response had 
given place to a complexity of possible 
responses which made the final choice 
doubtful, hesitating, and perhaps we 


might say, more thoughtful than the 


rest. A closer analysis of the actual 
responses grouped under the score of 5 
may throw some light on the matter. 

The absence of card 4 from the P 
group obviates the use of these data 
in such an analysis, but among the 
total number of 191 cases included in 
groups 8, D, and I, 24 received a score 
of 5 on the first perception experiment. 
Three of these 24 cases were instances 
in which the child responded to the 
third card negatively, in one case being 
unable to find a figure like the model 
until the model had been turned into 
the position of the diamonds on the 
card, and in the other 2, pointing to 
some of the diamonds on the card, 
but objecting to the fact that they were 
turned in the wrong direction. At the 
presentation of the fourth card, how- 
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ever, both positions of the diamond 
were pointed to without discrimina- 
tion in all three cases. In the 2 cases 
which commented on the difference in 
orientation, each child seemed per- 
fectly conscious of the factor, but 
seemed to be having difficulty in decid- 
ing whether the experimenter wanted 
the diamonds pointed out with refer- 
ence to or in spite of it, and finally 
decided to do it in spite of the factor. 
The other case showed nothing by 
which such an interpretation could 
be made. 

In the other 21 cases, the situation 
was reversed. Here the diamond on 
card 3 was pointed to with little or no 
hesitation and without any apparent 
consideration of orientation as a limit- 
ing factor. But upon the presenta- 
tion of the fourth card on which dia- 
monds appeared in both positions only 
those in the same position as the model 
were indicated. In no case was there 
any attempt on the part of the child 
at an explanation of what to an adult 
mind would be an ambiguous response. 
The child was apparently solving each 
situation as it came up. Either the 
lack of any diamonds on the first card 
to correspond exactly with the model 
led to the choice of the second best, 
and the presence of both kinds on the 
fourth card led to the choice of only 
those most exactly like the model, or 
else the presence of the 2 kinds on the 
fourth card called the child’s atten- 
tion to a factor which he had not 
noticed before, and served as a sugges- 
tion to him to treat the situation in a 
new way. If the latter is the case it 
may well be argued that the reaction 
receiving a score of 5 is a mere inter- 
mediate response between the reac- 
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tions represented by scores 4 and 6. 
If the former is the case the reaction 
would seem to be more that of inde- 
cision on the part of the child as to 
just what sort of a reaction is wanted. 
There is nothing within the experiment 
itself by which the possible attitude 
of the child can be discovered, or by 
which we are justified in assuming one 
explanation or the other for the occur- 
rence of a reaction corresponding to 
score 5. 

A tabulated comparison of the 
responses to cards 3 and 4 for all the 
191 cases in groups S, D, and I show 
that 88 per cent of the responses are in 
agreement on the 2 cards, while only 
2 per cent (those receiving score 5) are 
in disagreement. Of the 88 per cent 
in agreement, 5 per cent (including all 
individuals having scores of 0, 1, and 
2) were consistently incorrect, 41 per 
cent (including all individuals having 
scores of 3 and 4) were consistently 
correct, but showed no sign of the 
recognition of differences in orienta- 
tion, and 43 per cent (including all 
individuals having a score of 6) were 
consistently correct and cognizant of 
orientation as a factor in the percep- 
tion of likeness in plane figures. The 
relatively small number of inconsistent 
responses would lead one to one of two 
conclusions, either that the stage of 
uncertainty, if existing, as was first 
thought, between types of responses 
represented by scores 4 and 6, is ex- 
tremely transient, and is caught only 
very infrequently by such a test, or 
the inconsistent response is a more 
mature response than those repre- 
sented by either score 4 or score 6, and 
so is only beginning to appear in the 
age range here covered. Careful de- 
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velopmental study of a considerable 
number of individual children over a 
number of years would indicate any 
bases for accepting or discarding the 
first conclusion, while an extension of 
the upper age limit on the present 
experiment would go far in justifying 
or eliminating the second. The status 
of the scoring in this experiment is as 
yet so much that of uncertainty that 
it is impossible to state arbitrarily, 
without this further study, that one of 
these three higher scores indicates a 
more mature response than another. 
We can merely point to the results of 
the experiment as indicative of a fairly 
clear state of affairs during the ages 
two and one-half to eight years, and 
leave the significance of the various 
responses, in the light of maturity of 
development to be determined after 
further experimentation at other age 
levels. 


A comparison of the first and second 
perception experiments with a view 
to the part familiarity of the figure 
may play in the modification of the 
reaction to ortentation 


A comparison of the first and second 
perception experiments involves only 
the data from subject groups S and D. 
The justification of the use of the D 
data in the second perception test 
(which might be questioned because 
of the variability of the time between 
the 2 test periods for this group) is 
based on a comparison of the close- 
ness of fit between the frequency 
curves for the 2 groups on the first 
test, and the closeness of fit between 
the curves for the 2 groups on the 
second test. In only one case does 
the difference between the closeness 
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of fit in the first experiment and the 
closeness of fit in the second exceed 
twice the value of sigma and become 
significant, and that particular in- 
stance is one in which the discrepancy 
lies obviously in the low value of the 
probability in the first perception 
experiment. 

In proceeding, then, to a compari- 
son of the results obtained on the first 
perception test with those obtained on 
the second test, for the S and D groups 
—155 cases in all, it was assumed at 
the outset that the factor of familiarity 
of the figures might in some way affect 
the influence of the factor of orienta- 
tion, and that if this influence were 
present, it would probably be on the 
side of lessening or even eliminating 
the effect of orientation, so that the 
child would pay no attention to the 
position of the figure in his choice. 
Here ease of recognition would increase 
the likelihood that slight differences of 
detail would be overlooked. A gen- 
eral correlation between the scores on 
the two tests irrespective of age gives 
.66+.032. This correlation, in the 
absence of other tests of the same 
factor to which this test may be com- 
pared, shows a good reliability of the 
test within itself. It also seems to 
indicate that though there may be 
some factor entering in the second test 
which was not present in the first, 
to keep the correlation from being 
higher, whatever that factor is, it does 
not have any tremendous effect one 
way or the other. A close analysis of 
the changes in score from one test to 
the other will be interesting in this 
connection. If the factor is the one 
of familiarity mentioned above, one 
would expect to find a good majority 


oF PLANE FIGURES 137 
of losses in score over gains, especially 
among the scores 4, 5, and 6. Asa 
matter of fact, in the 45 cases in which 
a change in score occurs between the 
first experiment and the second, there 
are 36 cases in which the score is 
raised and only 9 cases in which the 
score is lowered. Each of these 9 
cases, moreover, represents only a 
single point’s loss, one being a drop 
from a score of 1 to a score of 0, 7 being 
drops from scores of 5 to scores of 4, 
and 1 being a drop from a score of 6 


TABLE 7 
Detailed table of gains and losses in score 
for whole group,—from diamond per- 
ception test to spoon perception test 
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to a score of 5. The gains, on the 
other hand, not only predominate four 
to one in number, but range in magni- 
tude from one to four points and total 
62 of the 71 total points of change re- 
corded between the 2 experiments. 
A detailed table of the gains and losses 


will be found in table 7. It is fairly 
certain from this that familiarity with 
the figure, if it does serve as a limiting 
factor, does not tend to overshadow 
the factor of orientation. If any- 
thing, it tends to sharpen it, though 
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the tendency to increase in score is 
probably not sufficient to warrant the 
assumption of any factor other than 
the mere greater familiarity with the 
procedure which the child experiences 
at the second test period. 

The probability that greater famil- 
iarity with the procedure of the 
second test is the determining factor 
in changes in score between the two 
tests is heightened by an inspection of 
table 9. From this it is evident that 
28 of the 45 changes—both gains and 
losses—are from one of the doubtful 
scores, 0, 1, 2, 3, or 5 to one of the 
positive scores, 4 and 6, and 11 of the 
gains are from score 4 to score 6, i.e., 
from one positive score to another 
more advanced. Thirty-nine, then, 
of the 45 changes are toward greater 
certainty. Two, one loss in score from 
1 to 0, and one gain in score from 0 to 
3, are from hesitation to hesitation in 
nature, and only 4, one loss in score 
from 6 to 5, and three gains in score 
from 4 to 5 show a change from posi- 
tiveness to hesitation. In general, 
then, on the second test the children 
were much surer of what they were 
going to do, and probably the correla- 
tion between the 2 tests is as low as 
it is, merely because of the greater 
familiarity of the children with the 
experimental procedure at the second 
test period, and not because of the 
interference of a factor of familiarity 
of the figure with the factor of orienta- 
tion. This point could be assured by 
reversal of the order in which the 2 
perception tests are presented to the 
children. 

A further analysis of the distribution 
of the changes in score shows that they 
are fairly evenly distributed over the 
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age range. Twenty cases of change 
occur in the first 3 years of the age 
scale, from two years seven months to 
five years six months, and 25 cases 
occur in the last 3} years, from five 
years seven months to nine years three 
months. Of the 20 cases of change in 
the first half, 15 are cases of gain and 5: 
are cases of loss, while of the 25 cases 
of change in the second half, 21 are 
cases of gain and 4 are cases of loss. 
Among the gains, those of the greatest 
magnitude are confined to the earlier 
3 years. In this group are 100 per 
cent of the gains of 4 points and 3 
points, 25 per cent of the gains of 2 
points and 33 per cent of the gains of 
1 point, and the other 75 per cent of 
the gains of 2 points and 67 per cent 
of the gains of 1 point comprise the 
total number of gains in the last three 
and one-half years. 

Generally speaking, though the gains 
and losses are fairly well distributed 
over the age scale, the gains for the 
first three years average much larger 
than those for the last three and 
one-half years. This fact in itself 
would tend to lower the correlation 
between the 2 tests, and further em- 
phasizes the fact that it is probably 
the greater familiarity with the pro- 
cedure of the second test which ac- 
counts for any differences between the 
2 performances. 


Comparison of the tests of discriminative 
perception with the related tests of 
copying and motor control 


It remains now to show what bear- 
ing performance on these tests of 
discriminative perception has on the 
ability of a child to copy a given 
figure, and to compare the relative 
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parts perception and motor ability 
play in such copying. For this only 
S and D data are used. 

Because of incomparable scaling of 
the perception tests as compared with 
the better standardized scores on the 
other two tests correlations are of 


TABLE 8 
Frequencies of scores for perception of dia- 
monds as compared with scores for 
copying diamonds 





PERCEPTION DIAMOND COPYING TEST—SCORES 
OF DIAMOND 


—SCORES 2 3 4 








45 


9 
22 




















TABLE 9 
Frequencies of scores for perception of spoons 
as compared with scores for copying 
diamonds 





PERCEPTION DIAMOND COPYING TEST—SCORES 
OF SPOON— 


SCORES 2 3 4 5 








18 56 
1 6 
26 15 1 


12 




















little significance except to indicate 
the possible validity of the scoring of 
the perception tests themselves. A 
better comparative picture of the 
responses given on the respective tests 
is gained from tables 8, 9, 10, 11 and 
12. 

While the table giving the scores 
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of the diamond copying test as com- 
pared with the motor test scores 


TABLE 10 
Frequencies of scores for perception of dia- 
monds as compared with scores fer 
motor test 





PERCEPTION MOTOR TEST—SCORES 
OF DIAMOND 


—SCORES 2 3 





4 





19 
7 
23 
1 




















TABLE 11 


Frequencies of scores for perception of spoons 
as compared with scores for motor test 





PERCEPTION MOTOR TEST—SCORES 
OF SPOON— 


SCORES 2 3 4 








28 53 
3 3 
19 27 




















TABLE 12 
Frequencies of scores for diamond copying 
test as compared with scores for 
motor test 





DIAMOND COPYING TEST—SCORES 





2 3 4 5 





5 1 
47 11 
25 




















shows an even progression between the 
2 tests, the tables giving the score 
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frequencies for the perception tests 
and the others show the difficulty 
which arises in trying to get an even 
progression between two tests graded 
in such a manner that one presents a 
unimodal curve of frequency and the 
other a bimodal, and that while one is 
scaled high enough so that there is a 
drop in frequency at the end of the 
curve, the other is not. In spite of 
this, however, there is indicated a 
more or less parallel progression of the 
two sets of scores in each case. This 
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the diamond tests in comparison with 
the substantial correlations between 
the first perception experiment and 
the diamond tests. This phenomenon 
is explainable first on the grounds 
that the first perception experiment 
and the diamond tests were done on 
the same day, while the second percep- 
tion test was performed two weeks 
later, and second, by the factors of 
learning and greater familiarity with 
the procedure epxerienced in the second 
test period. The scores on the first 


TABLE 13 





PERCEPTION OF DRAWINGS OF 





Diamonds : All diamonds 

Spoons : All diamonds 
Diamonds : Diamond from model 
Spoons : Diamond from model 
Diamonds : Diamond from memory 
Spoons =: Diamond from memory 


0424 
Negligible 
000938 














TABLE 14 





FACTORS INVOLVED 





All diamonds : Motor Test 
Memory diamond : Motor Test 
Visible diamond : Motor Test 


-05 
05 
.05 








is more true of the tables comparing 
the scores of the first perception ex- 
periment with the other tests than of 
those comparing the second percep- 
tion experiment with the same tests—a 
fact which bears out still further the 
contention of a difference between the 
factors involved in the two perception 
tests. 

The correlations serve to show some 
interesting tendencies (see table 13). 
The first thing of note in these figures is 
the lowness of the correlations between 
the second perception experiment and 


perception test are undoubtedly a 
more accurate estimate of the general 
state of the child’s perceptive ability 
along the lines indicated than scores 
on the second perception test, and for 
this reason the fairly high correlations 
between this test and the diamond test 
are of vast interest in indicating a par- 
allel development of perception and 
ability to copy figures. 

The second point of interest in the 
above figures lies in the fact that the 
highest correlation is between the 
perception of diamonds and the dia- 
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mond drawn from memory. The 
factor of holding a memory image of 
the figure long enough either to find 
it again or to reproduce it seems to 
bind these 2 tests together. The 
correlation between the memory dia- 
mond scores and the visible diamond 
scores is .36 +.047, and the fact that 
the correlations between the first per- 
ception test and the diamond copying 
test are as high as or higher than this 
correlation is an added point in favor 
of conceding some slight significance 
to the figures. 

The correlations between the scores 
for the diamond copying tests and the 
scores for the motor tests are shown 
in table 14. They are positive, but 
less significant, a fact doubly interest- 
ing because these correlations are be- 
tween 2 relatively well standardized 
tests. 

Finally, the correlation between the 
scores on the motor test and the scores 
on the first perception test is found 
to be .68 +.03. This is the highest 
correlation to be found in the whole 
group, and is interesting in view of 
the axiom derived from the response 
hypothesis that accuracy of motor 
response is a basis for accuracy of 
perception and later of thought. It 
may be that precocity in general 
motor development is paralleled by a 
corresponding precocity in the de- 
velopment of perception, and that the 
reason the correlation between the 
motor test and the diamond drawing 
tests is not greater lies in the greater 
complexity of the factors involved in 
the diamond drawing tests which are 
as yet unanalyzed and confuse the 
issue. 

The probability of entrance of ex- 
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traneous factors into the second per- 
ception test is strikingly substantiated, 
in the view of the last paragraph by the 
fact that the correlation between this 
test and the motor test is —.17 +. .05. 

To return to the nature of the re- 
sponse scored as 5 on the perception 
experiments in the light of this dis- 
cussion—if score 5 is in reality a supe- 
rior score to score 6, we would expect 
to find that the motor scores for 
children receiving scores of 5 on the 
first perception experiment would be 
relatively higher than those for the 
other children. But, in 10 of the 20 
cases in which these data are avail- 
able, the scores on the motor test fall 
exactly on the modes of the score 
frequency curves for the particular 
ages, in 7 cases they fall 1 point below 
the mode, and in 3 cases they fall 1 
point above. Very little conclusive 
evidence is to be obtained from this 
survey, and what may be obtained 
rather disavows any superiority in the 
children scoring 5 on the first percep- 
tion test. 


CONCLUSIONS 


Summarizing, it must be said that 
the results are on the whole indicative 


rather than conclusive. The sub- 
jects are too few, and there is too little 
material with which to compare the 
results of the tests, to give the inter- 
pretations herein presented other than 
a tentative aspect. A few points, 
however, are clearly brought out as 
follows: 

1. Orientation on the page, of plane 
figures, appears to rise rather suddenly 
as a factor in their perception between 
the ages of 5 and 6 years—or between 
the standard kindergarten age and the 
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standard first grade age. The break 
is apparently rather sudden for the 
individual child with little or no 
transition; and for the group, it may 
be located much more exactly than 
one might expect. 

2. In the work here outlined, the 
degree of familiarity with the figures 
used in the perception tests seems to 
bear little or no relation to the reaction 
toward the orientation of the figures 
on the part of the child. Any relation 
which may exist, is in this case ob- 
scured by the effect of greater familiar- 
ity with the test procedure at the sec- 
ond test period. 

3. The first perception test may be 
taken as a truer measure of the child’s 
general perceptual development along 
the lines indicated than the second 
perception test, because of its greater 
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freedom from any factor approaching 
that of learning. 

4. Perceptual development appears 
to be more closely allied than motor 
development with development in 
imitative drawing. 

5. A very high correlation exists 
between scores on perception and 
scores on motor control. Just what 
this means is speculative, but it is 
highly probable that it is indicative of 
a very close interplay of the two 
factors in the course of the develop- 
ment of the child. 

6. Aside from these general points, 
a specific field for further speculation 
and investigation lies in determining 
the significance of ambiguous perform- 
ances and in determining the relation 
of the responses given at these ages 
with those of adults. 


REFERENCES 


(1) Ast G.: Sur l’ecriture en miroir. L’ 
Annee Psychologique, 1901, pp. 221- 
255. 

(2) Brian, Ciara R., and GoopENnovuas, 
FiorencE L.: Color and form per- 
ception at various ages. J. Ex. 
Psych., 1929, 12, pp. 197-213. 

(3) Burnuer, Karu: Die Geistige Ent- 
wicklung des Kindes. 4th Ed., 
1924, p. 170. 

(4) CraMaussEL, E.: Ce que voient des 
yeux d’enfant. Journal de Psychol., 
1924, 21, pp. 161-170. 

(5) Descoupres, ALice: Couleur, forme 
et nombre. Arch. d. Psychol., 1914, 
14, pp. 305-341. 

(6) Downey, June: On reading and writ- 
ing of mirror script. Psych. Rev., 
1914, 21, pp. 408-441. 

(7) Downny, June: Abstract. Psych. 
Bull., 1911, 8, p. 315. 

(8) Gates, AnTHur I, and Taytor, Grace 
A.: The acquisition of motor control 
in writing by pre-school children. 


Teach. Col. Rec., 1923, 24, pp. 459- 
469. 

(9) GruenBAumM: Ueber die Abstraktion 
der Gleichheit. Ein Beitrag zur 
Psychologie der Relation. Arch. f. 
d. ges. Psychol., 1908, 12, pp. 340- 
480. 

(10) HertzBera, Oscar Epwarp: A com- 
parative study of different methods 
used in teaching beginners to write. 
Teach. Col. Contrib. to Educ., no 
214, 1926. 

(11) Huta, A: Form Auffassung und 
Schreibversuch in Kindergartenal- 
ter. Zeitsch. f. paed. Psychol., 
1914, 15, pp. 566-629. 

(12) Jones, Vernon A.: A study of chil- 
dren’s ability to note similarities 
and differences. J. Ed. Psych., 
1925, 16, pp. 253-260. 

(13) Katz, D.: Studien zur Kinderpsychol- 
ogie. Wissenschaftl. Beitr. zur 
Paed. u. Psychol., 4 Heft, 1913. 





Rice: PERCEPTION 


{14) Kocu, A.: Experimentelle Untersuch- 
ungen ueber die Abstraktions-fahig- 
keit von Volksschulkinder. Zeitsch. 
f. angew. Psychol., 1913, 7, pp. 
332-391. 

(15) Kuensure, MarceLiina GRAEFIN V.: 
Ueber Abstraktionsfahigkeit und 
die Entstehung von Relation beim 
vorschulpflichtigen Kinde. Zeitsch. 
f. angew. Psychol., 1920, 17, pp. 270- 
312. 

(16) Laprave: L’ecriture en miroir. 
tor’s Thesis, 1902. 

(17) Meyer, Pauua: Ueber die Produktion 
eingepraegter Figuren unsw. 
Zeitsch. f. Psychol., 1913, 64, pp. 
34-91. 

(18) Oppennerm, N.: The development of 
the child, p. 159. 


Doc- 


OF PLANE FIGURES 


143 


(19) Srern, W.: Psychology of early child- 
hood, 1926, p. 190. 

(20) Stern, W.: Ueber verlagerte Raum- 
formen. Zeitsch. f. angew. Psy- 
chol. u. psych. Sammelforschung, 
1909, pp. 498-526. 

(21) Tosrz, Hans: Die Entwicklung der 
Beobachtung von Farbe und Form 
in Vorschulalter. Zeitsch. f. angew. 
Psychol., Beiheft 38, 1927. 

(22) Van Gennep, A.: Dessins d’enfant et 
dessin prehistorique. Arch. d. Psy- 
chol., 1911, 10, pp. 327-337. 

(23) WELLMAN, Beta: The development of 
motor codrdination in young chil- 
dren. Univ. of Iowa Studies, no. 
108, 1926. 





An Adaptation of the Ishihara Color 
Test for Use with Children of 
Pre-School Age 


FLORENCE C. WOELFEL 


the usual viewpoint as to color 

vision and color discrimination 
in the pre-school child has been similar 
to that expressed by Spindler (3): 


I THE absence of objective data, 


‘It seems certain that the perfectly 
normal child for some time after birth is 
color blind. The probability is that there 
is no accurate discrimination of colors felt 
by the child till he is three or four years old, 
and that the discrimination is exceedingly 
imperfect and proceeds very slowly and re- 
quires much time and training.” 


Sulina (4) reported an attempt to 
study in a fairly comprehensive way the 
development of color sense in children. 
He tested 336 children from one to 
fourteen years of age and concluded 
that the color sense is not developed 
under two years (15 cases), but that 
it begins to function and can be dem- 
onstrated at two years (29 cases), be- 
coming completely developed between 
the fourth and sixth year (53 cases). 
This article reports an attempt to 
adapt the Ishihara tests for color 
blindness for use with children ap- 
proximately four to six years of age. 
If color sense is developing gradually 
toward perfection during this period, 
it would be interesting to have an 
easily applicable test which would 


show how far any individual child’s 
color discrimination had proceeded. 

For use with children of three to six 
years of age a matching test on a 
multiple choice basis was devised, the 
idea being that children of this age 
could show by matching the correct 
number with each of the Ishihara 
plates whether or not they could see 
the numbers on them as an adult of 
normal color vision would. 

The Ishihara tests (2) consist of 16 
plates, of which numbers I through 
XIII only were considered suitable for 
this adaptation. Each of the Ishihara 
plates shows a number made up of 
small dots of color on a continuous 
background of other similar dots of 
different hues. Each plate is so con- 
structed that people of normal color 
vision can easily read the number cor- 
rectly, while the color blind will read 
it as a different number (e.g. 3 instead 
of 8 for Plate II) or will be unable to 
read it at all. Two of the plates (X 
and XI) are so devised that the major- 
ity of the red-green blind will read a 
figure in each, while the majority of 
the normal (and the totally color 
blind) cannot see any number there, 
or can hardly read it. Thus the differ- 
ence between the normal and the ab- 
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normal individuals in color vision is 
shown by the way they read the Ishi- 
hara plates. 

A preliminary test of each child was 
necessary to show whether he could 
match numbers when the element of 
color was not involved. For this pur- 
pose a series of numbers was painted 
(black on a white background) on 
tracings of each of the numbers on the 
Ishihara plates, so that the black 
numbers would be of the same size, 
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and similarly constructed of a series 
of dots rather than a continuous line. 
In the preliminary test each child was 
shown 4 at 2 time of these black num- 
bers. The number to be matched 
was then placed just below the 4 and 
the instruction given to “find another 
one up there (pointing to the row of 4) 
just like this one: another one that is 
just the same as this one.” The time 
required to match the number was 
taken by a stop-watch. In this pre- 
liminary test, if the child indicated a 
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wrong number, the two were placed 
side by side and the question asked, 
“Are they the same”’?, while the num- 
ber was traced with the forefinger. 
In practically every case, the child 
then quickly made the correct choice, 
and very rarely was there more than 
one mistake of this kind in matching 
the series of black numbers. 

For the color test proper, a series of 
numbers was made with water colors, 
duplicating as nearly as possible all 
the numbers on the Ishihara plates as 
they would be read by those of normal 
and of defective color vision. From 
these a multiple choice series of 4 num- 
bers was selected for presentation with 
each plate, the series consisting of the 
correct number to be chosen by the 
normal, the number which a color 
blind person would be expected to see 
and two other numbers different in 
form and color from the two just men- 
tioned. ‘The position in the series of 
the correct and color blind choices was 
changed for each plate, so that choice 
would not be made on basis of position 
in the row. In giving the test, the 
Ishihara plate was placed below therow 
of 4 numbers and the child told, as in 
the preliminary test, “Find another 
one up there just like or just the same 
as this one.”’ The time of each choice 
was also recorded, and any relevant re- 
marks by the child or anything unusual 
in his manner of attacking the task 
were also noted. The series as pre- 
sented for multiple choice with each 
Ishihara plate is given in table 1 with 
the normal and color defective scoring 
as given in the Ishihara booklet. 

The Ishihara instructions say that 
‘it is essential that the test should be 
conducted in a light room in the day- 
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time.’ In this experiment with chil- 
dren, the tests were given only on 
sunny days and the child was seated 
near a window, though the sunlight 
did not fall directly on the cards. 
Even on sunny days, however, the 
illumination is far from constant, as it 
varies with the time of the year and 
with the frequency of clouds which 
may now and then pass across the sun. 
In the interests of eliminating vari- 


TABLE 1 





ISHI- 

HARA 

PLATE 
NUMBER 


MULTIPLE SCORING 
CHOICE 


NUMBERS 





Normal Color Blind 





I | 5-12-7-6 1 
II | 3-5-8-2 
III | 2-5-7-6 
IV | 5-6-8-2 

V | 21-5-74-42 
VI | 6-5-2-8 
VII | 2-8-5-6 
VIII | 5-8-26-2 
IX | 6-7-2-8 
X | 8-6-5-74 
XI | 6-74-8-2 


XII | 6-74-26-2 
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Green blind 2 


Red blind 2 
Green blind 4 


Red blind 6 


XIII 








4-74-2-42 42 








* Majority can hardly read it. 
{ Can hardly read it. 


ability in illumination, it would un- 
undoubtedly have been preferable to 
give all the tests under standard arti- 
ficial illumination, such as the Nela 
Daylight Screen. 

One other minor point in technique 
is that of presenting the cards rapidly 
enough to sustain the interest and 
attention of children of this age level. 
Giving the whole test takes from 
twelve to fifteen minutes, not a long 


WoELFEL: Ishihara Color Test 


time, but there is little variety and not 
much inherent interest in the material 
for the pre-school child. 

Mechanically the presentation is 
facilitated by having the multiple 
choice cards in a box similar to a small 
file with identifying tabs on each card, 
so that the four for each series can be 
quickly selected. It is also necessary 
to return each card to its place in the 
file after each choice, as most of the 
cards are used several times. This se- 
lection and return to the file becomes 
smoother and speedier with practice, 
so that the examiner can converse 
with the child between choices if ad- 
visable, and the child is less likely to 
be distracted by the mechanics of the 
process. These details of construc- 
tion of the test and of technique in 
presentation have been given in order 
to make possible more valid compari- 
sons in case anyone is in a position to 
try out the test further. 

The subjects were nearly all from a 
nursery school and ranged from three 
years, one month to five years, five 
months of age. In addition, 8 children 
from a public school kindergarten were 
tested ranging four years, four months 
to five years, eight months. It is pos- 
sible that the nursery school children, 
who had been frequently subjects for 
various psychological tests, may have 
been trained thereby to take a better 
test attitude. It is also possible that 
they represent a slightly higher selec- 
tion as regards social status and intel- 
ligence than the kindergarten subjects. 
The 8 kindergarten I.Q.’s ranged from 
87 to 121 (median 110), while the nurs- 
ery school group I.Q.’s ranged from 87 
to 158 (median 116). These I.Q.’s are 
all from Binet tests. I.Q.’s were avail- 
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able for 37 of the 39 subjects complet- 
ing the test. 

When giving the test, each response 
was scored as right, wrong, or “color 
blind,” the last being when the num- 
ber chosen was that which a color 
blind person would read according to 
the Ishihara booklet of instructions. 
A rough scoring system was adopted 
for the modified Ishihara test as 
follows: 


2 plus credits for each correct choice 

1 plus credit for each mistake spon- 
taneously corrected at once by the 
child 

2 credits deducted for each color-blind 
choice 

1 credit deducted for each wrong choice 


Adding these plus and minus credits 
gave a single number for each child, 
which was regarded as representing 
his level of achievement in this color 
test. 

In scoring Plates X and XI where 
no choice could be considered correct 
since only a color-blind person is sup- 
posed to be able to see a number there, 
no plus credits could ever be given, 
but in accordance with the scoring 
scheme, 2 credits were deducted when 
the child indicated the color blind 
choice. Naturally, as a result of the 
examiner’s attitude that a choice was 
to be made in matching Plates X and 
XI, practically every child indicated 
some card as a choice. However, 
their behavior while doing so was most 
interesting. Some said plainly at first 
that they could “see nothing there,” 
or that this one was “hard to see;’’ 
then as the sxaminer said nothing, 
they would make their choices, usually 
indicating number 74, which was the 
most intricate appearing of the num- 
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bers in that series. Those who made 
the color-blind choice, however, (9 
cases for Plate X, and 14 cases for 
Plate XI) usually did so promptly 
and without expressing any doubt by 
word or look, or giving any indication 
that this number was any harder to see 
than any of the others. There were 18 
children who made color-blind choices 
for Plates X and XI. Five of these 
made color-blind choices for both 
plates; 13 for only one. However, 
only 1 of the 18 expressed doubt or 
said that the number in question 
(color-blind choice) was hard to see; 
while 17 out of the rest of the group 
(which did not match the color-blind 
numeral with Plates X and XI) said 
definitely that this one was “hard to 
see’ or that they ‘‘couldn’t see it,” 
1 saying there was “‘no number there,” 
and 1 that ‘“‘no one could see it.” 

If the total score is considered as a 
rough index of each child’s level of 
achievement in this color test, it is in- 
teresting to see what relation exists in 
this group between total score and 
such factors as sex, chronological age 
and mental age. 

There were 27 boys and 12 girls in 
the entire group, which of course is too 
small a number from which to draw 
conclusions as to sex differences. 
However, the range of scores was the 
same for both sexes, from minus 4 to 22 
(perfect score). The median score for 
the boys was 16 and the median score 
for the girls was 14. The group of 
girls averaged younger, as it included 
only 1 kindergargten child, while there 
were 7 boys from the kindergarten. 
This fully accounts for the slightly 
lower median score of the girls; but 
there is certainly no indication that the 
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girls did better on the test than the 
boys. The results point to no sex 
difference. 

The relation between chronological 
age and score and that between mental 
age and score is important, because if 
we find a closer relation between C.A. 
and color achievement than that be- 
tween M.A. and color achievement, 
it may be interpreted as pointing to 
2 things: (1) positively, that the in- 
creased efficiency in color vision is 
more a function of C.A. than it is de- 
pendent on M.A. and (2) negatively, 
that this particular color test is not too 
dependent on the child’s intellectual 
level, but is really a measure of another 
capacity, viz. color vision. Com- 
puting the correlation coefficients gave 
the following result: 

r PEr 

Correlation C.A. with color 

BCOTCE... cee cccccccccce 

Correlation M.A. with 

color score.............. 26 


-403 = .086 


096 


P Equi = .13 indicating 77 chances 
in 100 that the true difference is 
greater than 0. The following graph 
of median scores for each level of M.A. 
and C.A. indicates that the color test 
score is more dependent upon C.A. 
than upon M.A. 

While on the subject of age as 
affecting achievement in this color 
test, the ages of 4 children who could 
not do the test at all are worth men- 
tioning. These children were all co- 
operative in the “game,” but all failed 
in the preliminary test of matching 
black and white numbers. Their age 
records ‘are given in table 2. On the 
other hand, only one child under three 
years, seven months C.A. could do 
the test. He was three years, one 
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month with a M.A. of three years, 
eleven months, which also happened to 
be the lowest M.A. of any in the group 
who succeeded. The 4 children re- 
ferred to above who could not do the 
preliminary test may have had enough 
color ability to make a low score on the 
test, but they appeared not to have 
the ability to perform reliably in the 
multiple choice matching situation. 
It was possible to retest 6 of the 
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nursery school children after an inter- 
val of about a year. There were 3 
girls and 3 boys among those retested. 
Table 3 gives the results. 

A glance down the column of points 
gained shows a negative correlation 
between age and gain in points. The 
3 oldest had high scores on the original 
test and hence there was less room for 
improvement. Boy 3 was the young- 
est child in the whole group. His gain 
of 5 points in the year brings him just 
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to the group median for his C.A. level 
at four years. So far as it is possible 
to judge from this small number of 
retests after a long interval, the 
amount of gain is less where the orignal 
performance was high, and the score 
obtained on the second text is about 
what would have been predicted (on 
the basis of the group median) for a 
child at that age level. 

One child was given the color test 3 
times within a month. He was four 
years, eleven months on the date of 
the first test and his I.Q. of 104 would 
have given him a M.A. of five years, 
two months. According to the group 
medians he might have been expected 
to make a score of 17 or 18 points. 
However, on the first test he made 
only 2 correct choices, which, with 5 
wrong choices and 4 color-blind 
choices, would have given him the 
score of minus 9. There was some 
doubt that he had a fair chance, as 
the first test was given on a partly 
cloudy day. On a second test on a 
sunny day he did somewhat better, 
making 4 right choices, 5 wrong choices 
and 2 color-blind choices; which would 
net him a score of only minus 1. He 
seemed perfectly satisfied with every 
wrong choice, and used color names 
freely in talking about the cards, 
though the color names used were 
wrong more often than right. On a 
third test made about three weeks 
later, he showed some further im- 
provement, making 6 right, 3 wrong 
and 1 color-blind choices, or a total 
score of 7. It is interesting to note 
that the 4 errors on this third test 
were on cards on which he also made 
mistakes on the first and second tests. 
In respect to these 4 mistakes, at least 
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the test proved consistent with repeti- 
tion. These cards, viz. Plates V, VI, 
VIII and XII, if the Ishihara interpre- 
tation is followed, do not give any 
clear picture of the type of color weak- 
ness which this subject might be sup- 
posed to have had. For instance, 
Plate V is supposed to be read as 21 
by the color blind, but only on the 
first test did this boy choose 21, while 
on the other two tests he merely made 
wrong or irrelevant choices. Plate 
XII he matched once as the “red- 
blind” are supposed to; and the other 
2 times as the “green-blind” are ex- 
pected to do. Finally, in the case of 
Plates X and XI, in which the normal 
see nothing while the color blind are 
expected to discern a number, this boy 
did not make a single color-blind 
choice in any of the 3 tests. 

The discussion of this case raises 
the question whether there is any re- 
liance at all to be placed in the Ishi- 
hara test as a means of getting at 
“types” of color weakness, at least 
with children. Is it necessary to as- 
sume that the mistakes which children 
make in color matching would neces- 
sarily duplicate or even resemble the 
mistakes which a color blind adult 
would make on the same test? It may 
be more reasonable to suppose that the 
errors made by children who will soon 
have full color discrimination will be 
both different from and less consistent 
than the errors made by a true color- 
defective. 

At any rate, it is a fact that as far 
as this group of children is concerned, 
there was not one whose errors gave a 
consistent picture of any type of color 
blindness as classified by Ishihara. In 
other words, not one child made all the 
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errors which would make it possible to 
classify him as “red-blind” or “‘green- 
blind.” Furthermore, no two children 
made the same combination of wrong 
choices, if we exclude those making 
only one error on the whole test. Ap- 
parently children of incompletely de- 
veloped color sense make mistakes 
which are less schematic and less easily 
divided into types than might be 
hoped by proponents of the various 
schools of color theory. Hayes (1) 
may be cited as one authority who 
believes it possible that all types of 
color defect may have to give way to 
color charts of every individual’s 
ability: 


“The wide diversity of opinion upon the 
question of the classification of color defec- 
tives may be partly explained on the basis 
of rival color theories; but a second factor 
of great importance is the enormous individ- 
ual differences in the subjects studied, mak- 
ing it seem almost equally reasonable to 
class some subjects in either of two groups 

One wonders if we shall presently 
have to give up all classification by types, 
arrange color defectives in distribution 
tables and give a color graph or profile for 
each subject showing his efficiency or de- 
ficiency for each color in terms of a percent- 
age of the normal or average attaiment.”’ 


From another point of view, the 
number of errors made by these chil- 
dren with each card of the Ishihara 
test show which cards were hardest 
and which easiest for them to match. 
The number of errors made with each 
Ishihara plate is as follows: 
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Plate VIII 
Plate IX 


Plate XII 
Plate XIII 


The largest numbers of errors occurred 
with Plates V, IV and XI respectively. The 
fewest errors occurred with Plates II, III, 
and IX. 


Finally, the fact that each response 
was timed by a stop-watch, both in the 
preliminary test with all black num- 
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Where two medians and median devia- 
tions are given for one number, it indicates 
that that digit appears twice on the Ishi- 
hara plates. 


bers and in the test proper with col- 
ored numbers, gives us a measure of 
what effect the introduction of color 
had on the length of time the children 
required to match each number. It 
was found that the central tendency 
was for the group to take nearly two 
or more times as long to match a 
colored number as to match the same 
number when it was black on a white 
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background. The median times in 
seconds for the uncolored and colored 
numbers are given in table 4. 

With al! the digits the children tend 
to take longer to match colored num- 
bers than black numbers. Further- 
more, as the median deviations show, 
the variability in time was much 
greater in the case of the colored cards 
than with the black and white cards. 


SUMMARY 


1. An adaptation of the Ishihara 
Test for color blindness proved applic- 
able to a group of children between 
the ages of three and one-half and six 
years. 

2. The adaptation consisted of a 
matching test in multiple choice form, 
the child being required to pick from a 
series of 4 cards in each group, the 
numbers matching those on the Ishi- 
hara plates. A similar preliminary 
test with black instead of colored num- 
bers was given to show the child’s 
ability to deal with matching numbers 
in a multiple choice form of test. 

3. The results with this group of 
children showed 

a. No sex difference in color dis- 
crimination. 

b. A closer relation between C.A. 
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and total score on the color test, than 
that between M.A. and test score. 

c. Only one child under three years, 
six months C.A. and no child under 
three years, eleven months M.A. could 
do the test. 

d. A few retests after one year gave 
scores approximately as high as would 
have been predicted for the age level 
of the child on the second test. 

e. Three retests of one child within 
a month showed a slight practice effect, 
but a strong tendency to make the 
same errors in all 3 tests. 

f. No child’s record corresponded 
to the types of “color blindness” as 
defined by Ishihara. 

g. No two children made the same 
combination of errors, excluding those 
who made only one wrong choice in the 
test. 

h. The largest number of errors oc- 
curred with Ishihara Plates V, IV and 
XI respectively. 

i. The fewest errors occurred with 
Plates II, III and IX. 

j. The group took about twice as 
long to match each colored number as 
to match the same number in black. 
The median deviations were about 
twice as great for matching the colored 
cards as for matching the black and 
white cards. 
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A Comparative Study of Finger Tapping 
in Children and Adults’ 


Mites A. TINKER AND FLORENCE L. GoopENOUGH 


which the arms of the subjects 

were unrestrained, the authors dis- 
covered a marked tendency for matu- 
rity of performance in tapping to be 
positively related to the size of muscle- 
group involved. When pencil, sty- 
lus, and three forms of finger tapping 
were compared an order of functional 
development from large to small 
muscle-groups was clearly manifested. 
The purpose of the present experiment 
is to discover whether these differences 
in functional development are more 
clearly discernible in finger tapping 
when the hand and arm movements 
are controlled. 

The method employed was finger 
tapping on the Comptometer with the 
hand and wrist restrained. A hand- 
rest, about four inches wider than the 
key board of the Comptometer was 
constructed. The rest was covered 
with black velvet cloth and had two 
canvas straps for fastening the hand 
or hands to the rest. The hands were 


L: A previous investigation,? in 


1 From the Psychological Laboratory and 
the Institute of Child Welfare, University 
of Minnesota. 

2A report of a comparative study of 
several methods of measuring speed of 
tapping in children and adults, by the auth- 
ors is to appear in the Journal of Genetic 
Psychology. 


secured, palm downward, with the 
fingers projecting freely over the first 
row of the Comptometer keyboard. 
Adjustments fcr height and nearness 
to the keys were possible. This 
arrangement gave free play to finger 
movements, restrained all hand move- 
ments and reduced arm movements to 
aminimum. This arrangement neces- 
sitated practically independent finger 
movements when tapping with a single 
finger. 

The index, middle and little fingers 
of each hand were employed sepa- 
rately for unimanual tapping. For the 
bimanual tapping the same fingers 
were used, like fingers of both hands 
operating simultaneously. Thirty 
kindergarten children ranging in age 
from four years, ten months to five 
years, eleven months, and 30 Univer- 
sity students served as subjects. The 
sexes were approximately equally 
divided in each group (16 males and 
14 females). 

The time limit for each trial was 10 
seconds in each kind of tapping and was 
the same for both children and adults. 
For determining reliability, by the 
test-retest method, there was a second 
trial on a different day for each sub- 
ject. Usually the two trials occurred 
on successive days, and in no case was 
the interval between tests more than 
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seven days. One complete series for 
each subject was completed at a single 
sitting. 

In testing both the kindergarten 
children and the adults the procedure 
was first demonstrated by the experi- 
menter, after which a brief preliminary 
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hand and arm from moving, but that 
this restraint would not hamper move- 
ments of the fingers. The order of 
unimanual testing was: index finger of 
right hand, index finger of left hand, 
middle right, middle left, little right, 
and little left. A brief rest period was 


TABLE 1 
Reliability coefficients of finger tapping on the comptometer by children and adulis 





KIND OF TAPPING 


TWO TRIALS 


SINGLE TRIAL (S-B rormua) 





Children Adults Children Adults 





Unimanual tapping: 
Right index finger 
Right middle finger 
Right little finger 


Left index finger 
Left middle finger 
Left little finger 


Total right hand 
Total left hand 


Bimanual tapping: 
Right index finger 
Right middle finger 


Right little finger.....................20. 


Left index finger 
Left middle finger 
Left little finger 


Total right hand 
Total left hand 
Total bimanual 
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trial was given to familiarize the sub- 
jects with the task. Directions to the 
children were practically the same as 
cited in the writers’ preceding paper 
on tapping with the exception that the 
subjects were informed that their 
hands would be fastened to prevent the 


allowed between successive trials. 
When the unimanual testing was com- 
pleted the bimanual series was exe- 
cuted in the same order. 

Coefficients of reliability for the 
finger tapping were computed for the 
separate fingers in both unimanual and 
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bimanual tapping by correlating test 
with retest scores. In addition, the 
reliability coefficients of the combined 
scores for each hand, for each method, 
and for the grand total were ascer- 
tained. As the intercorrelations in 
this investigation were computed by 
the use of combined scores for the 2 
trials, the Spearman-Brown formula 
was used to obtain the reliability of 
scores on trial 1 plus scores on trial 2. 
All correlations were calculated by the 
Pearson product-moment method. 
Table 1 gives the reliability coefficients. 

For a single trial, all but 4 coeffi- 
cients of reliability are higher than 
+.40, the range being +.22 to +.78. 
For the 2 trials summed the range is 
+.36 to +.88. In general, the relia- 
bility of tapping tends to be slightly 
higher for children in unimanual 
tapping, and somewhat higher for 
aduits in bimanual tapping. The 
higher reliability of bimanual tapping 
with adult subjects can be explained 
in part by the fact that the children, 
in this kind of tapping, looked at and 
apparently devoted their attention 
to one hand almost entirely, or 
switched their fixation alternately from 
one hand to the other. The totals 
in unimanual and in bimanual tapping 
have slightly higher reliabilities for 
children, but the grand total is equally 
reliable for children and adults. (Sin- 
gle score +.76; summed scores +.86). 
In the case of adults, the index finger 
is most reliable in 3 of 4 determina- 
tions; with children there is no con- 
sistent trend but the right index finger 
and right little finger in unimanual 
tapping have comparatively high 
reliabilities. 

In table 2 are given the means and 
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the standard deviations of the sepa- 
rate trials for tapping rate of children 
and adults. The table also shows the 
ratio between the means of the children 
and of the adults, i.e., the proportion 
of the average speed of adults that has 
been attained by the children in each 
kind of tapping. 

Examination of the mean scores 
given in the first four columns of 
figures reveals the following trends: 
(1) With children there is a marked 
practice effect in finger tapping. (2) 
Adult tapping scores show no practice 
effects. The second score is frequently 
smaller than the first. (3) With both 
the child and the adult group the index 
and middle fingers yield tapping scores 
which are nearly equal to each other in 
magnitude. In some cases the middle 
finger taps faster, in other cases the in- 
dex finger. (4) The tapping speed of 
the little finger is much slower than that 
of the other fingers, particularly inthe 
child group. (5) Bimanual tapping is 
slightly slower than unimanual tap- 
ping for both groups. (6) Speed of 
tapping with fingers of the left hand is 
slower than with fingers of the right 
hand. 

The standard deviations given in the 
fifth to eighth rows of table 2 show 
that, in the unimanual tapping of 
children, performance of the middle 
finger is least variable. Also the 
variabilities of tapping scores for the 
little finger are relatively very high, 
especially in the case of children. 

The last two columns of table 2 
reveal an interesting developmental 
trend in the comparative maturity 
of the various muscle groups involved 
in the tapping movements. As seen 
in the first row, in tapping with index 





TINKER AND GOODENOUGH: Finger Tapping 


finger, the children have attained 41 
per cent of adult efficiency on the first 
trial and 46 per cent on the second. 
These last two columns of the table 
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and middle fingers maintain about the 
same levels of comparative efficiency 
throughout the series. (3) There is a 
greater group difference in maturity 


TABLE 2 
Means and standard deviations of number of taps in ten seconds by children and adults for finger 
tapping on the comptometer 





MEAN SCORE STANDARD DEVIATION 





KIND OF TAPPING 


Children 


Adults 








Unimanual tapping: 
Right index finger 
Right middle finger 
Right little finger 


22.9 
23.6 
9.9 


Left index finger 
Left middle finger 
Left little finger 


22.2 
22.0 
7.8 


Total right hand* 
Total left hand 
Total both hands 


55.2 
50.7 
105.5 


Bimanual tapping: 
Right index finger 
Right middle finger 
Right little finger 


22.0 
22.7 

6.5 
Left index finger 


Left middle finger 
Left little finger 


20.5 
20.8 
5.4 


Total right hand 
Total left hand 
Total both hands 


Grand total—both hands 


49.9 
46.0 
96.4 
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11.7 
21.3 


39.9 


14.4 
15.6 
27.0 


41.4 





42 
43 
15 
41 
42 
14 . 
34 
34 
34 
35 





























* All averages and standard deviations are 


show the following trends: (1) In 
every instance but one the order of 
comparative maturity of performance 
is middle finger first, index finger next 
and little finger last. (2) The index 


computed from original scores. 


of tapping in case of the little finger 
than with the other two fingers. (4) 
On the second trial the children are 
always closer to the adult level than 
on the first. (5) The comparative 





156 


maturity of performance for the total 
of right hand, of left hand, and of 
both hands is the same (36 per cent 
in unimanual and 34 per cent in bi- 
manual tapping. (6) Finger tapping 
of children approaches nearest adult 
proficiency when the middle finger is 
used (49 per cent on the second trial). 

In our previous study of finger 
tapping with the arm unrestrained, 
the developmental trend in compara- 
tive functional maturity revealed the 
children to be nearest adult proficiency 
with the index finger. The middle 
and little finger than followed in order. 
Both the first study and the present 
investigation reveal about the same 
trends in scores for the different fin- 
gers, i.e., scores for index and middle 
fingers are about equal in each kind 
of tapping, but in only 5 of 16 in- 
stances are the scores for the index 
fingers higher than those for the 
middle fingers. The developmental 
tendency in comparative functional 
maturity revealed in the present ex- 
periment (middle finger nearest adult 
maturity, then index finger and then 
little finger) is probably approximately 
correct since arm movements have 
been controlled in this study. One 
should emphasize the fact, however, 
that the difference in functional 
maturity between the middle finger 
and index finger is slight. 

Table 3 shows the intercorrelations 
of the scores in finger taping for each 
of the 2 groups of subjects. In com- 
puting these correlations the sums of 
the scores for the 2 trials were em- 
ployed. In the last column of the 
table are given the correlations be- 
tween the correlation coefficients for 
the children and those for adults when 
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each finger under a certain condition 
is correlated with every other finger 
under each of the various conditions. 
Thus when the series of coefficients 
for children in row one of the table are 
correlated with the series for adults 
in row two, a correlation of +.82 is 
obtained. These coefficients in the 
last column reveal the extent to which 
a constant tendency in the relation- 
ships between the tapping speeds of 
the different fingers persists from child- 
hood to maturity. The range of 
these coefficients is from +.17 to +.88 
with an average of +.61. In our 
previous tapping investigation the 
range of comparable coefficients was 
+.22 to +.84 with the average at 
+.61. In the present study all but 
two correlations are +.63 or above. 
This indicates that, although some 
fingers are more closely related to each 
other in speed of tapping than others 
(see rest of table), this relationship 
does not change greatly with age. 

A survey of the first 12 columns of 
table 3 reveals 11 negative coefficients 
out of a total of 132. The range of 
correlations is —.18 to +.84 Method 
of tapping (unimanual or bimanual) 
sees to have little influence on the in- 
tercorrelations for either children or 
adults since many of the highest as 
well as many of the lowest coefficients 
are found both when similar methods 
and when unlike methods are involved. 
Analysis of the correlation coefficients 
of table 3 reveals the following trends: 
(1) Any specific finger tends to yield 
performance which correlates well 
with performance by the same finger 
of the other hand, and with perfor- 
mance by the same finger in another 
method (unimanual or bimanual); (2) 
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Tapping scores of the index fingers our previous study the relationship 
yield a fair correlation with those of the between the more nearly adjacent fin- 
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Intercorrelations between scores on finger tapping for children and for adults 
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* U=unimanual; B=bimanual; R=right; L=left. 


middle fingers; (3) scores of thelittlefin- gers tended to be closer than that 
gers show little or no correspondence to between fingers more widely separated. 
scores of either of the otherfingers. In Twenty-three of the kindergarten 
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children in this experiment had also 
served as subjects on the earlier study 
in which the arms were unrestrained. 
An interval of three months elapsed 
between experiments. Intercorrela- 
tions between tapping scores made 
with arms restrained and with arms 
unrestrained are given in table 4. 
The coefficients indicate that there is 
only a small amount of correspond- 
ence present between performance 
under the 2 conditions. The coeffi- 
cients range from +.09 to +.75 with 


TABLE 4 
Comptometer tapping with arm unrestrained 
vs. comptometer tapping with arm 
restrained (children only) 





UNIMANUAL 
TAPPING 


BIMANUAL 


FINGER AND HAND USED TAPPING 





+.27 
+.31 
+.25 
+.75 
+.51 
+.24 
+.15 
+.67 
+.33 


+.36 
+.47 
+.25 
+.09 
+ .45 
+ .36 
+.49 
+.36 
+ .45 


Right index.......... 

Right middle 

Right little 

Left index 

Left middle 

Left little........... 
Total right hand... 
Total left hand.... 
Total both hands. . 











Grand total—bimanual plus unimanual, 
r= +.45 





a correlation of +.45 for the grand 
total. 


SUMMARY 


1. The rate of finger tapping was 
measured for a group of 30 kinder- 
garten children and for 30 college 
students. 

2. Arm movements were restrained 
by securing the hand, palm down- 
ward, on a hand rest, in such a manner 
that the hand was immovable and the 
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wrist and arm movements were re- 
duced to a minimum. The fingers 
were entirely free from restraint. 

3. A Comptometer was employed 
to measure the speed of tapping. The 
index, middle, and little fingers of 
each hand were tested independently 
(unimanual tapping) and simultane- 
ously (bimanual tapping). 

4. Reliabilities were computed by 
correlating test with retest scores. 
For the single fingers there was a 
tendency for the tapping scores to be 
more reliable for children in unimanual 
and for adults in bimanual. The 
totals for both unimanual and bi- 
manual tapping are slightly more re- 
liable for children than adults, but the 
grand total is equally reliable for both 
children and adults. (Single score, 
+.76; summed scores +.86). 

5. In both the child and the adult 
group the index and middle fingers 
yield tapping scores approximately 
equal in magnitude. Tapping of the 
middle finger was only a little faster 
than that of the index finger. The 
little finger taps at a much slower rate 
than the other fingers. Right hand 
tapping is slower than left, and bi- 
manual tapping is slower than uni- 
manual. 

6. When the children are compared 
with the adult group the order of 
comparative maturity of perfc:i.nance 
is middle finger nearest adult maturity, 
index finger next and little finger last. 
The comparative maturity of per- 
formance for the total of right hand, 
total of left hand, and of both hands 
together is the same (34 per cent). 

7. Although some fingers are more 
closely related to each other in speed 
of tapping than others, this relation- 
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ship does not change greatly with age. 
(Average correlation between coeffi- 
cients for children and adults is +-.61). 

8. Tapping by any finger tends to 
correlate well with tapping by the 
same finger of the other hand or tapping 
by the same finger in another method 
(unimanual and bimanual). 

9. Tapping scores of the index and 
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middle finger tend to correlate more 
highly with each other than the scores 
of either of these fingers with the scores 
of the little finger. 

10. There is a small degree of cor- 
respondence between scores for finger 
tapping with arm and hand restrained 
and scores with arm and hand unre- 
strained in the case of the children. 
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